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Preface 


For more than two decades China served as the most potent anti-poverty weapon the world 
has ever known.... Of every five people in the world who escaped poverty during this span 
—a total of roughly 1.1 billion people — three were Chinese. 


World Economic Forum, Feb. 3, 2016 


In my youth I dreamed of visiting Australia, Africa, Latin America, and Europe, but 
I had no interest at all in Asia. That I ended up in China was, as Chinese say, sheer 
Yuanfen (fate). 

When I arrived in Xiamen, I was impressed by the nation’s goals and the people’s 
excitement and optimism, but I wondered if reform and opening up benefited people 
in the remote interior. I determined to find out for myself—and I’m still exploring to 
this day. 

If I had scripted my own life from cradle to grave, I could not have conjured up 
a more exciting or fulfilling adventure than witnessing firsthand the world’s most 
populous nation single-mindedly eradicate absolute poverty. For over three decades 
I’ve explored every corner of the country by bicycle, boat, car, train, plane—even 
farm tractor a few times, as well as on foot into inaccessible valleys. P’ ve interviewed 
hundreds of people from all walks of life—farmers, fishermen, teachers, doctors, 
engineers, merchants, street sweepers, barbers, scientists, and athletes. ve been 
inspired by students like Feifei, who as a five-year-old sold herbs on the street side 
to support her struggling family but made it to Xiamen University, graduated top in 
her class, then graduated from Harvard, worked for McKinsey and Google, and is 
now a professional and proud mother of two. 

And there’s the farm girl with four years education whose Chinese Dream was to 
earn 20 Yuan a month as a maid for a Xiamen University professor but who is today 
a multimillionaire philanthropist with international schools, real estate ventures, and 
a biotechnology company. And I can’t forget the boy who had no shoes until he was 
a teen but today is one of China’s top tunnel experts, philanthropist, and producer of 
historical documentaries. 

I’ve met Mongolian herdsman who track their cattle by mobile phone and China’s 
Beidou satellite navigation system and Tibetan farmers with online shops for their 
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traditional products, as well as boat people who had never stepped foot on land until 
Xi Jinping gave them homes and training. One of the shy mothers that I met now 
earns more from aquaculture than I earn as a professor. The village still keeps a 
sampan in the square to remind everyone of where they came from. 

Honey farmers, geneticists, doctors, street sweepers—their stories all prove that 
China has done so much so fast not just because of top-down visionary leadership 
but because of bottom-up grassroots industriousness and innovativeness. 

But I’ve also been fortunate to meet many of the visionary leaders behind China’s 
rapid transformation—people like premiers Li Peng and Wen Jiabao, or a young Xi 
Jinping, whom I witnessed tackle poverty in Fujian and slowly move up the ranks 
from Xiamen vice-mayor to Fujian governor to president of China. 

Until I met Dr. Huang Chengwei, former director of the entire anti-poverty 
program, I had no idea of the sheer complexity of balancing so many diverse factors, 
including rapid economic growth, regional disparity, urbanization challenges, and 
environmental protection. Yet the UN and World Bank have documented how China 
has excelled in virtually every measure. I have witnessed mistakes and failures, of 
course. What nation with 1.4 billion people would not have missteps? Yet China 
learns from successes and mistakes alike and presses forward. 


New Nation, Ancient Ways 


Although I’ve witnessed phenomenal changes, one thing that has not changed, in 
30 years or 2,000 years, is the nation’s commitment to what Confucius called the 
“Ancient Ways”—the moral imperative for a just and ethical government to maintain 
peace and stability and to meet the needs of the people—some 56 million even 2,000 
years ago according to China’s census in 2 A.D. Old China’s leaders led the nation 
with unsurpassed inventiveness, ingenuity, and passion for most of 2,000 years. I’ve 
no doubt they would have been proud at what New China’s leaders have accomplished 
in only seven decades. 

Since New China’s founding in 1949, the Chinese government has said, “A pros- 
perous society cannot coexist with poverty.” In the same way, there is no reason for 
such a small planet as ours to have unprecedented prosperity coexisting with endemic 
poverty. Fortunately, China is now tackling poverty in other nations through the Belt 
and Road Initiative (BRI) and similar initiatives. It’s a tall task, but if any nation can 
lead the world in eradicating absolute poverty, it’s China. 


Ihave met only two classes of people who are able confidently to assert, “We do [understand 
China]! They are newspaper reporters and globe-trotters. As for myself, I am continually 
discovering a continental area still unexplored. 


Dr. Arthur H. Smith (1845-1932), author and resident of China for 54 years. 


Xiamen, China William N. Brown 
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1. Photos of author 


(Photos by Zhu Qingfu) 


2. Interviews in Ningde, Fujian Province 
. r 


Visit to Nantang She Minority Village Primary School in Xiapu County, Ningde, on 
December 5, 2019 (Photo by Zhu Qingfu) 
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Interviewing Lan Naizhong, Nantang Village, Xiapu County, Ningde, on December 
5, 2019 (Photo by Zhu Qingfu) 


Panoramic view of Nantang Village, Xiapu County, Ningde (Photo by Zhu Qingfu) 
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3. Interviews in Shaoshan, Hunan 


Visiting Mao Family Restaurant in Xiangtan, Hunan on November 12, 2019 (Photo 
by Zhu Qingfu) 


4. Interviews in Eighteen Caves Village, Hunan Province 


——e 


Eighteen Caves Village is secluded deep within Hunan’s mountains (Photo by Zhu 
Qingfu) 
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Interviewing Miao villager Yang Chaowen in Eighteen Caves Village, Hunan, 
November 11, 2019 (Photo by Zhu Qingfu) 


Taking a photo with a Miao grandmother in Eighteen Caves Village, Hunan, 
December 11, 2019 (Photo by Zhu Qingfu) 
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5. Visit to Changsha, Hunan 


(Photo by Zhu Qingfu) 
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6. Interviews in Yunnan’s Nujiang Lisu Autonomous Prefecture 


a 


Panoramic view of a village in Nujiang Lisu Autonomous Prefecture (Photo by Li 
Jintai) 


Interviewing a Lisu family, December 10, 2019 (Photo by Li Jintai) 
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7. Interviewing officials in Beijing, who are going to Tibet to join the battle against 
poverty alleviation 


Interviewing Liang Nanyu, who volunteered to work in Tibet to help locals, in Tibet 
(Photo by Pan Zhiwang) 


8. Other interviewees 


Interviewing Prof. Hu Min, CEO of New Channel in Beijing, July 7, 2019 (Photo by 
Zhu Qingfu) 
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Interviewing Mr. Cui Rui, a blacksmith in Hohhot, Inner Mongolia, on July 10, 2019 
(Photo by Jie Shangfeng) 


Interviewing Mr. Tian Ye, a poverty alleviation official, in Ningxia Hui Autonomous 
Region, July 15, 2019 (Photo by Jie Shangfeng) 
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Interviewing Tibet University teacher Yixi Danzeng in Lhasa, Tibet, July 21, 2019 
(Photo by Wu Qiong) 


Interviewing Mr. Yang Yuanjian, who volunteered to teach Tibetan students, in 
Chengdu, July 22, 2019 (Photo by Zhu Qingfu) 
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Interviewing Mr. Zhou Dexin, a Xiamen University gate guard, in Xiamen on August 
6, 2019 (Photo by Jie Shangfeng) 
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Part I 
One Dream, Many Dreamers 


Chapter 1 A) 
How My Chinese Dream Began ciecie; 


China’s targeted poverty alleviation is the world’s only way to help the poor and reach the 
goals of the 2030 Agenda for Sustainable Development. 


UN Secretary-General Antonio Guterres, 2017 


I first encountered the Chinese Dream in 1976 in Taiwan when I quite literally 
received a sign from the heavens. Hundreds of leaflets from a mainland balloon 
rained upon me as I crossed a field on CCK Air Base in Taizhong. I could not read 
Chinese so wasn’t interested in them, but I was surprised that mainland farmers in 
the photos so closely resembled Taiwan farmers. When I learned that both sides of 
the Taiwan Straits were quite literally one family, I determined someday to see the 
rest of China—but it took me 10 years to get there. 

After leaving Taiwan, I spent three years as an Air Force OSI agent in the U.S. 
and Turkey, and an assignment with the Shah of Iran in 1979 led me to question 
many of my assumptions of why so many developing countries remained mired in 
abject poverty even in a world of unprecedented prosperity. In 1981, I left the Air 
Force and started a master’s program in Los Angeles, where I met an American girl 
who had been born and raised in Taiwan and also wanted to study in China. Our 
mutual interest in China led to friendship, and our wedding that Christmas in Taibei 
(Taipei). 

Over the years, as we awaited an opportunity to move to China, we often traipsed 
to Los Angeles’ Chinatown to buy copies of China Reconstructs (now China Today). 
The more I read about China’s advances in everything from industry and agriculture 
to health and education, the more I looked forward to seeing the changes myself, and 
in 1988, ten years after I'd left Taiwan, Sue and I finally moved with two small sons 
to Xiamen University to study Chinese. 

We felt right at home in Xiamen because it was only 100 miles across the 
Straits from our former home of Taizhong, and both sides shared the same dialect 
and customs. But though we loved the place and people, living conditions were a 
challenge. 

Today, Xiamen has received so many international honors as a modern livable 
city that it is hard to believe what this island city was like in 1988. We had almost 
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daily water and power outages. Roads were narrow and potholed, and buses belched 
black smoke that poured up from cracks in the wooden floors. There were few stores 
and good items were usually sold out before we could get to them, leaving only 
the centrally distributed products that no one would buy. I bought a three-wheeled 
pedicab to help us seek staples like toothpaste and toilet paper. 

It took over a month to get permission for a pedicab because they thought I’d use 
it for business. It was even harder to get a phone. I paid over USD 450 and waited 
three years for it to be installed. 

Yet in spite of the challenges, Xiamen people were cheerful because living condi- 
tions were already better than any had ever experienced and they were optimistic 
about the future—but I was curious if rural life was also improving. 

Each evening, the TV station aired a short clip urging urbanites to not waste the 
food that farmers labored so hard to provide. The first scene was the poor farmer 
toiling at dawn in a rice paddy, then it showed an urban family eating a meal of 
several dishes and throwing away the leftovers, and the final scene was of the tired 
farmer at dusk with only a plain bowl of rice for supper. It was a powerful message. 
I vowed to be less wasteful—but I also vowed to see for myself how farmers really 
lived. 


Exploring the Countryside 


In January, 1989, I began exploring rural Fujian by bus, boat, bicycle and farm tractor. 
It had been so warm in Xiamen that I left home without a jacket, clueless that we 
were about to be hit by a very rare cold spell. I spent the nights in dark, unheated 
granite homes, and was so cold that my gracious hosts, whose clothing was even 
thinner than mine, insisted on soaking my feet in hot water and giving me an extra 
blanket for the night—a thin blanket, but the best they had. I shivered the entire night, 
my very bones aching. By the time I rose, just before dawn, my cheerful hosts had 
already prepared a big breakfast. Years later I learned they’d served me, a stranger, 
treats they’d been saving for Chinese New Year. 

Although my hosts were poor, they did not seem to know it. Like my city friends, 
they were cheerful and convinced things would only get better. For their sakes, I 
hoped so. But given that much smaller and wealthier nations had yet to end poverty, I 
suspected that change would take half a century, and that we were all “planting trees 
that future generations could enjoy the shade.” 

I dropped my Chinese study after one semester to help start Xiamen University’s 
(XMU) new MBA program, figuring I could study Chinese on my own, and the 
more I learned, the more I realized that China was nothing like the country portrayed 
by Western media. But when I wrote articles to refute some unfair criticisms of 
China, indignant foreigners complained, “You should not write about things you don’t 
understand. You’ve only seen coastal China. Inland provinces are not changing!” 

“How would you know?” I asked. “You’ve never been there!” 

“Neither have you!” they replied. 


Exploring the Countryside 5 


They had a point. So in 1993, I bought a 15-passenger van and we drove 10,000 km 
around S.E. China, and in 1994 explored another 40,000 km. We averaged only 
25 km/h as we spent three months driving from Fujian up the coast and over to 
Inner Mongolia and the Gobi Desert, west to Qinghai and Tibet, and back to Xiamen 
through South China. I was surprised at the massive investments on roads, electricity, 
healthcare and education even in the poorest corners of Ningxia, Gansu, Guizhou— 
places that even UNESCO officials had deemed hopeless. It was heartening from a 
humanitarian standpoint but as a businessman I did not see how they could justify 
spending a fortune on such impoverished, relatively unpopulated regions. I slowly 
learned that China’s leaders were very farsighted. 


Give Fish or Teach to Fish 


Chinese have long said, “Give a fish, feed for a day; teach to fish, feed for a lifetime.” 
Early on, China learned the hard way that simply doling out aid, though sometimes 
necessary, does not solve the root of poverty and can lead to dependency, so the nation 
shifted from “blood transfusion” to “blood production”—from aid to enablement. 
China taught the poor to fish by giving them an improved environment that fostered 
self-sufficiency so they could lift themselves from poverty. This approach showed 
that the government had tremendous faith in the people’s ability and motivation 
to seize new opportunities—and it paid off because Chinese people today are as 
industrious as their ancestors. 

Rose Talman, a Xiamen missionary from 1916 to 1930, wrote in her unpublished 
memoirs of the Chinese love for peace, and their “will to love and fight against 
poverty”: 


To their conditions they have developed responses — frugality (nothing wasted in China), 
patience, industriousness, sense of humour — a philosophical approach to the realities of life. 
These are the qualities that make the Chinese tough and persevering and give them the will 
to love and fight against poverty. The Chinese enjoy few luxuries in material things. They 
are not an acquisitive society. The people yearn more for peace and stability — a climate for 
work rather than affluence or wealth for the sake of pleasure. There is a great difference in 
the psychology of Eastern and Western society. 


Over the years, I’ve collected hundreds of books and documents written by foreigners 
in China over the past few centuries, and they uniformly admired and respected both 
China’s system of governance and the people’s enterprising spirit—and that spirit is 
just as evident today. 

South Fujian is famous for China’s best tea, but in the early 1990s, my tea farming 
friends were so poor that they could not afford to drink their own tea, brewing 
weeds and herbs instead. Yet whenever I made the several hours drive to visit them, 
navigating torturous dirt roads snaking through mountains, they served me the best 
tea they had. Only years later did I understand their sacrifice. Today, concrete roads 
lead to villagers’ very doorsteps and they drink tea whenever they want it. They also 
now use electricity instead of kerosene and candles, and spend evenings watching 
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a wall-mounted flat screen TV bigger than my own (they were watching American 
Idol the last time I visited; hopefully they’ll progress beyond that). 

China has had exceptional, visionary top-down policies but they have been 
successful only because of the bottom-up industriousness and ingenuity of people 
like my friend Madame Yang Ying. As a farm girl with only four years of schooling, 
her dream in 1981 was to earn 20 Yuan a month as a Xiamen University professor’s 
maid—10 Yuan to keep and 10 Yuan to send home. She achieved that dream, then 
sold fish, cornered Xiamen’s market on pork, opened a rural credit union, invested in 
real estate, and today has several international schools, a biotechnology company, a 
bone-marrow bank for leukemia patients and is helping to build 1,000 Hope schools 
for less advantaged children. She also supports every retiree in her hometown. 

Mr. Lin Zhengjia, another country kid with only four years of education, did not 
own shoes until he was a teen, but today he is a leading tunnel expert, documen- 
tary maker and philanthropist pouring millions into education and cultural exchange 
programs. 

And tomorrow’s leaders are being prepared and empowered today by teachers 
like Dr. Hu Min, a country kid who would have been expelled from school had it not 
been for one teacher who urged he be given one last chance. Hu Min was so moved 
that he buckled down, tested into college at 15, taught in a university until he was 
30, and today is CEO and founder of New Channel Education Group, the “Father of 
IELTS”, has published over 300 books and audio-visual materials for his more than 
100,000 students around the country, and stresses students’ “global competencies” 
to prepare them for China’s growing international role. 

Most impressive to me is that, in both Old and New China, most of those whom 
I have met who rose from rags to riches give generously to help those still in rags. 
They are capitalists in business, but at heart they exemplify the socialist spirit which 
says “no society is prosperous if any remain in poverty.” 


20,000 Km in 32 Days 


As I met people like Madame Yang Ying over the years and read about the changes, 
I yearned to drive around China a second time to see the changes since 1994, and 
that opportunity dropped in my lap in the summer of 2019. 

The Party secretary of our Xiamen University School of Management said to me, 
“This is the 25th anniversary of your 1994 drive! You should tour China again!” He 
saw my hesitation and added, “We’ll cover all expenses!” 

I agreed, but then he insisted I have a driver. “You’re 63 now, not 36!” he said, as 
if I'd forgotten. “It’s too long and dangerous.” 

It wasn’t a bad idea. I could write while he drove. But we ended up with three 
cars and a dozen people, including spare drivers, a medical doctor to keep their 
aging foreign teacher from falling apart, student assistants and Miss Wang from 
New Channel Education Group, whom CEO Hu Min sent to help transcribe oral 
interviews. 
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In 1994, the 40,000 km drive took three months driving 10 ha day, but in 2019 the 
20,000 km trip took only 32 days—and my Chinese colleagues were as astounded 
as I was by the changes. 

In 1994, I had nicknamed Inner Mongolia as “Mudgolia” because the province 
seemed to have but one color: mud. But in 2019, on the edge of the Gobi Desert, 
I looked in vain for the barren wasteland where my van had been trapped in 1994. 
Today, it has a beautiful divided highway with grass and trees on both sides and down 
the middle. 

In 1994, even mountainous stretches of Guangdong, the rich province bordering 
Hong Kong, had only dirt roads. Today, China has the world’s largest hi-speed 
railway and highway networks, and concrete roads to remote villages rebuilt with 
government-subsidized homes, many of them with nice architectural flourishes to 
reflect minorities’ heritage. 

China also has the world’s largest online community and a booming rural e- 
commerce business with over 4,000 “Taobao Villages” (villages earning at least 10 
million Yuan yearly from e-commerce). 

All nations struggle with urbanization, with over half of the world now in cities, 
but in China, many are returning from cities to seek their fortune in their hometowns 
thanks to improved living conditions and government training, support and subsi- 
dies for rural entrepreneurs. But such precision poverty alleviation, from national to 
village and even household level, has been possible only because of the dedication 
and sacrifices of China’s First Party Secretaries. 


Barefoot First Party Secretaries 


Even with the world’s most successful national and regional poverty alleviation 
programs, the leadership realized it still lacked direct contact with the poorest people. 
Xi Jinping proposed reaching these people by the creation of First Party Secretaries 
as a core strategy.! Between 2015 and 2019, China selected some 459,000 talented 
and dedicated people to serve poverty-stricken villages. 

Ihave met many of these courageous and compassionate leaders, and nicknamed 
them “barefoot first secretaries” because they willingly left families and careers for 
three or more years and, like early barefoot doctors, live with those whom they serve in 
China’s poorest villages. I marveled at how they creatively tackled problems ranging 
from poor infrastructure, healthcare and education to the creation of sustainable 
green industry. Above all, their example has helped shift attitudes from dependency 
to self-reliance, innovativeness and entrepreneurialism—or as Chinese put it, from 
blood transfusion to blood production. 

In spite of their challenging living conditions, I did not meet even one who 
regretted the sacrifices, and several had volunteered for a second three-year stint in 
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spite of family or health challenges. It is no wonder that several farmers in different 
provinces told me, “We have good policies now because the government understands 
us and cares for us.” 

But several farmers added, “Good policies aren’t enough; we must also do our 
part.” 

In December, 2019, the World Economic Forum noted that between 1990 and 
2015, China had accounted for over 3/5 of reduction in global poverty, yet in spite 
of China’s lead, the rest of the world has not kept on track. The World Bank projects 
that half a billion people will still live in extreme poverty in 2030.” 

My hope is that the rest of the world can learn from China’s experiences because 
all people are dreamers. We all dream of a better life of peace and prosperity for 
our families and descendants. But for the first time in recorded history, we have an 
example of how to make this dream a reality. And not only do each of us have a part 
to play but, and this is important—there are no small parts. 

If we each do our part, even a miracle like the Chinese Dream can be achieved. 
But only if, as T. E. Lawrence wrote in 1922, we dream by day with eyes wide open. 


All men dream, but not equally. Those who dream by night in the dusty recesses of their 
minds, wake in the day to find that it was vanity: but the dreamers of the day are dangerous 
men, for they may act on their dreams with open eyes, to make them possible. 


T. E. Lawrence, “Seven Pillars of Wisdom”, 1922 


Open Access This chapter is licensed under the terms of the Creative Commons Attribution- 
NonCommercial-NoDerivatives 4.0 International License (http://creativecommons.org/licenses/by- 
ne-nd/4.0/), which permits any noncommercial use, sharing, distribution and reproduction in any 
medium or format, as long as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons license and indicate if you modified the licensed material. 
You do not have permission under this license to share adapted material derived from this chapter 
or parts of it. 

The images or other third party material in this chapter are included in the chapter’s Creative 
Commons license, unless indicated otherwise in a credit line to the material. If material is not 
included in the chapter’s Creative Commons license and your intended use is not permitted by 
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. 


*https://ourworldindata.org/extreme-poverty. 


Chapter 2 A) 
Ningde: Xi Jinping’s Training Ground edt 
for Governing the Country 


The first stop on our 20,000 km drive around China in 2019 was my own Fujian 
province’s northeast city of Ningde—a young Xi Jinping’s governance training 
ground. Over the past three decades I’ve watched it transform from one of China’s 
18 poorest areas into a prosperous area known for business as well as a beautiful 
environment and rich minority cultures and customs. 

Ningde’s transformation was so astounding that in 2005, I had packed our van 
with a dozen friends from abroad and gave them a tour, but my goal wasn’t to show 
them the surrealistic scenery of Tailao Mountain or Baishuiyang Lake, or to taste the 
famous Xiapu seafood. I wanted them to see the remote villages where, in 1988, a 35- 
year-old Xi Jinping first started tackling poverty, environment, corruption, education 
and protection of minorities in one of China’s poorest places. 

I drove some eight hours into a remote valley, after which we hiked four hours 
and ferried across a river. My friends were astonished that such a remote area had 
electricity, tap water, cell phone service, and TV. But the only inhabitants were 
children and grandparents. They had all seen China’s prosperity on TV and every 
villager of working age had fled to cities to realize their own dreams. 


Roads First, then Prosperity 


Today, Ningde youth are returning home from the cities—and they don’t need to hike 
or take a boat. New concrete roads snake through deep valleys to even the remotest 
villages, thanks in part to people like journalist and Mindong Daily chief editor, Qiu 
Shutian. Locals call this Ningde native “Road Reporter” because for 30 years he has 
not only chronicled Ningde’s transformation but even spent his own time and money 
to finish projects in the poorest areas. 

Today’s Ningde is a far cry from that of 1988, when the prefecture’s new Party 
secretary Xi Jinping wrote, “Ningde is almost a world to itself—hard to get to, little 
information from the outside world, and an economy based on small-scale farming.... 
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When you mention Ningde, five words come to people’s minds: old, ethnic minority, 
remote, island, impoverished.” 

“People were so poor they’d never seen rice,” Qiu Shutian told us. “They’d never 
seen a 100 Yuan note, so if given one for a wedding or funeral, they might exchange 
it for a 10 or 20 Yuan note. Some couples shared one pair of pants; one would wear 
the pants out to work and the other stayed home covered with a quilt. Thatched 
houses were freezing in winter and sweltering in summer, and when it rained heavily 
outside, it rained lightly inside. Lifespan was short.” 


Young Xi Jinping Gets to the Roots of Poverty 


Young Xi Jinping was so shocked by Ningde’s abject poverty that as soon as he took 
office, he spent a month visiting Ningde villages, companies, schools and government 
departments to probe the roots of poverty. Qiu said, “I see clearly how Xi developed 
his ideas on governance and policy while in Ningde... Ningde was Xi’s training 
ground for governing the country.” 

Qiu said that an old idiom said, “stupid bird flies first,’ but Xi had studied Ningde’s 
rich history and culture and said that Ningde was not stupid, just weak. Xi read how 
ancient Ningde engineers had shattered stone mountains with fire and water to make 
the 1400-year-old Huangju irrigation project, and how the area had produced many 
war heroes. The “weak bird” of Ningde, Xi declared, would not only fly first but 
cross the seas. 


No Patience with Tinkers 


Xi put his heart into fighting poverty, meeting and eating with villagers, even working 
their fields, and he had no patience with “tinkers”. In 1988, he criticized government 
offices for displaying “Excellence” and “Number One” awards that had nothing to do 
with economic development. He wrote, “Hanging up so many award banners without 
one for economic development was not very impressive. To put it more politely, it 
reflected working hard without performing a true service. Working without setting 
priorities and sticking to the fundamentals is simply tinkering.” 

People “not only want to hear what you say,’ Xi warned, “they also want to see 
how you do it.” 

When Xi lashed out at some officials who misused power, or built homes and 
tombs on public land, some urged caution, but Xi replied, “Should we upset three 
million people or a handful of officials who violate Party discipline?” 

Xi was so dismayed by Ningde’s poverty that he visited Beijing with a graphic 
video to show people’s plight. This indeed got the central government’s attention 
but also worried Xi’s family. His elder sister, Qi Qiaoqiao, cried when she saw the 
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conditions in which her little brother worked. “At least the scenery is beautiful,” Xi 
reassured her. 

When Xi’s mother visited Ningde, she urged a colleague, “Please look after him 
and help him. Jinping is still very young.” But Xi was in his element, earning the 
respect of villagers even as he’d won the admiration of farmers during his seven 
years laboring in the fields of Liangjiahe. Xi lived and ate simply, often spending 
his modest monthly salary of 170 Yuan to help needy families. Xi’s wife, a famous 
singer, had a higher income than he did so she often added funds to replenish his 
emptied account. 


Precision Dreaming 


Although Xi dreamed big, he stressed that poverty could be eliminated only by long- 
term, step-by-step, targeted change focusing on promoting what locals already did 
very well—very much like the “precision poverty alleviation” he voiced in 2013 
when he announced China could end poverty by 2020. Xi wrote in March, 1990, 
“Instead of daydreaming about overly ambitious or flashy projects, we need to have 
a firm footing in reality as we take concrete steps to reach long-term goals.” 

Xi visited each town, discovered what was unique, and urged government and 
business to develop advantages such as mushrooms in Gutian, Xiapu’s seaweed, 
seafood and mustard root, Fu’an’s electrical machinery, bamboo shoots, and taro, 
Zherong pharmaceuticals, and Tailao Mountain eco-tourism. Xi had faith that as one 
industry grew, it would drive others. Today, Ningde leads not only the nation but the 
world in some technologies. 

Xihad shrewd insights on drawing foreign investment, noting that mere tax exemp- 
tions weren’t enough. “Foreign companies not only want to save money, they also 
want to make more money and be able to do business easily and smoothly,” with stable 
business environments and good infrastructure. Today, Ningde is home to CATL, the 
world’s largest maker of lithium-ion batteries. With over 10,000 employees, CATL 
partners with the world’s top auto makers, including BMW, Honda, Hyundai, Geely, 
Xiamen King Long, etc. 


Greening While Growing 


Ningde’s most remarkable feat has been its balance of growing and greening, thanks 
to Xi’s emphasis on environment long before ecology was a high priority. Today, 
Ningde is a prefectural level city and a model for innovative environmental protection 
practices. In 2014, Xi said during a trip to Fujian, “ʻA true treasure’ should never 
be exchanged for any other ‘fake treasures’ that may harm the environment.” Two 
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years later, in 2016, Ningde was listed as No.2 in China Integrated City Index 2016’s 
environmental ranking.! 

Thanks to Xi’s farsightedness, Ningde is 65% forested and boasts rich ecotourism 
and cultural tourism, with villagers earning income from rafting (100 Yuan per trip), 
Nongjiale (tourist farmhouses) and sale of local products such as Guangxi Honey 
Pomelo. Ningde exports such fruit as shaddocks, Chinese chestnuts, plums, honey 
peaches, lychees and longans, and has almost 500 squ. km. of tea plantations. Ningde 
exports also include seafood such as yellow croakers, oysters and prawns and fresh 
water eels that are prized at home and abroad. 


A Heart for Ningde Minorities 


“Ningde is where Xi Jinping had his first real encounters with minorities,” Mr. Qiu 
Shutian told us. “He saw little if any minorities during his time in the countryside, 
and few in Xiamen.” Xi’s heart went out to minorities, such as the She, whom he 
learned were often the poorest of the poor because of their isolation and language 
barriers, which hindered education. Xi argued, “To holistically achieve a well-off 
society, there must be no minority or person left behind.” 

The She have a unique culture with beautiful traditions, costumes and music, but 
no written language, so culture was passed down through oral tradition and songs. 
Mr. Qiu said, “Xi felt preserving She culture was very important. After listening to 
a She song, he asked his wife, Prof. Peng Liyuan, who is also a famous singer, what 
she thought of it, and asked her to help promote it.... Their stories and songs have 
now been recorded for posterity.” 

In 1999, Xi wrote, “I and the She people are tied by fate.... My heart is close to 
the She people.” 

A decade later, on March 10, 2019, Xi Jinping was pleased to see that one of 
Ningde’s two delegates to the annual congress in Beijing was Lei Jinyu, a 33-year- 
old She lady with a degree in architecture who had returned to Ningde as a village 
official in Banzhong—the very She village Xi Jinping had helped decades earlier. As 
soon as Xi saw Ms. Lei, he recognized her She costume, which varies from village 
to village. “You are She, from Luoyuan,” he said. 


Sea Gypsies Go Ashore 


“Ningde also had 20,000 or 30,000 ‘sea gypsies’ who had never been on land,” Qiu 
told us. When Xi Jinping saw the cramped sampans in which they lived cradle to 
grave, he not only provided free land and subsidies to build homes for hundreds of 
families but also had them learn modern aquaculture and business. 
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A retired fisherman in Xicheng Village, his face wizened and darkened by decades 
at sea, told me, “We lived in constant fear. During typhoons we’d lash many boats 
together and huddle inside. Sometimes boats capsized and entire families were lost. 
We had no healthcare, no police, no education for our children.” 

In 2017, net capita for Xicheng Village had reached 18,756 Yuan—a far cry from 
the 850 Yuan of the 1990s. One Xicheng mother grinned when she told me how much 
she netted from her fishery. “That’s more than I make!” I exclaimed. “I’m moving 
to Xiayu Village when I retire!” 

She grinned and said, “We’ve an extra room for you!” 


New Life for Nantang Village’s She Minorities 


We were keen on seeing how minority lives had improved so Mr. Qiu drove us to 
Nantang Village. It would have been a grueling drive and hike in 1988 but today 
a wide concrete road leads straight to the village’s doorsteps. Nantang is clean and 
neat, with a small She heritage center and murals of traditional life on the walls of 
public buildings. 

In 1988, many She children had no schools, so they studied sitting on the floors 
of old temples or shacks. Today, Nantang has a beautiful new primary school with 
a modern sports yard and playground. The recess bell rang just as I arrived and 
bright-cheeked laughing children clamored for photos with their foreign grandpa. 
Mr. Qiu then led us down a concrete trail to the home of Lan Naizhong, for whom 
the anti-poverty program had literally meant life and death. 

Qiu checks on Nantang residents’ welfare every two months. After querying Lan 
about his health, finances and family, and asking if he needed any further help, he 
signed off on the official checklist. 

“When I first met Lan Naizhong,” Qiu said, “he was in a bad state of mind and 
his mud house was collapsing. Now when I see him, he is all smiles.” 

“Ten years ago, my father got brain cancer,” Lan said. “That cost us maybe 200,000 
Yuan. Then I fell ill, had two surgeries, and could not work, so we sank further into 
poverty.” 

Village leaders reported Lan’s situation to their superiors. Lan said, “Then village 
leaders came to see if I was really poor. If so, they would be sure to help.” Soon Qiu 
had Lan sent to Ningde best hospital, the People’s Hospital. 

“How is your health now?” I asked. 

Lan grinned shyly. “No big problem now.” 

Qiu smiled proudly. “He recovered both physically and mentally, and some girls 
like him now!” 

Lan proudly showed us his new home. “Unlike the old mud house,” said Qiu, 
“this new cement brick house is very strong and can withstand typhoons. Strong and 
clean, it even improves the mental outlook of the residents. Lan’s life has changed. 
The biggest task now is to bring a young wife through the door!” 

“How did you afford this beautiful new home?” I asked. 
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“Our mud house was dangerous and ready to collapse,’ Lan said, “so the 
government gave 30,000 Yuan, and I paid the rest.” 

“He is a strong laborer,’ Qiu said. “Last summer alone, he earned over 30,000 
Yuan installing air-conditioners.” 

“The national policy is good and vigorously supports rural areas,’ Lan 
said. “Twenty years ago, conditions were poor, and everyone lived in mud houses. 
We had no roads, so no way to sell what we grew. Besides, with only two mu (a 
Chinese unit of area equal to 1/15 of a hectare) of land, we could not even grow 
enough for our own family. Sometimes we chopped firewood on the mountain and 
sold it on the streets, but it was hard carrying hundreds of pounds of firewood to the 
market to earn only a few Yuan. And we’d hire out as day laborers, but once I was 
sick, I could not work.” 

Qiu said, “Rural areas are poor because they lack knowledge, skills and talent. 
After Lan mastered a skill, he could make money installing air conditioners, or labor 
on a farm, and earn 4,000 or 5,000 Yuan a month.” 

“How did you learn to install air conditioners?” I asked Lan. 

“Nothing really to learn,’ Lan said, grinning. “If you have the courage, you can 
do it. They’re all mounted outside the window. The first step is to be bold. Nothing 
else is technical.” 


Xiadang Village Coop 


Xiadang Village is yet another model of Ningde’s many triumphs over poverty. 
When I first visited Xiadang decades ago, the village was just mud houses off a dirt 
path. Wang Guangchao, 72, who runs “Happy Teahouse”, remembers that Xi Jinping 
walked three hours to visit their village in 1989. “At that time, there was not an inch 
of road in the village.” Today, Xiadang has a clean, green gardenlike setting with 
quaint buildings nestled between lush mountains and clear streams, and emerald tea 
gardens sprawling across the mountainsides. 

In 2014, Xiadang launched China’s first poverty-reduction-oriented tea garden, 
allowing individual tea growers to integrate and organize. The coop helps provide 
capital for fertilizer and pesticides, as well as markets for the tea. 

Coop members use mobile apps to track each step, from growing and processing 
to packaging and shipping. Thanks to hi-tech efficiency, 128 village’s planters have 
seen their tea soar in price from 4 to 20 Yuan per kilogram. Annual per capita income 
has surpassed 11,000 Yuan, with 31 families lifted from poverty and 26 building new 
homes. The village-level income has increased from zero to 223,000 Yuan, and the 
coop model is now being expanded to include grapes, rice and kiwifruit. 

Chixi Village’s First Returnee Entrepreneur, Du Ying. 

The most vivid proof of Ningde prosperity is the dozens of people returning from 
big cities to seek their fortune at home—youth like Du Ying, the first college student 
to return home to Chixi. 
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As a child, Du Ying’s family subsisted on sweet potato, and he had only one new 
coat a year, so his father’s dream was for his son to go to college and forever escape 
Ningde’s rural poverty. Imagine his dismay when his son graduated from college 
and, in June 2013, returned home to start a business. 

“Everyone urged us to leave,” Du Ying said, “but we returned anyway, and did 
well. We showed folks that young people are actually quite capable of a lot of things!” 

Du Ying and his girlfriend pooled a 100,000 business bank loan with their 200,000 
wedding savings to start Chixi Tea Co. Ltd. Today, Du Ying’s girlfriend is his wife, 
they have a four-year-old son, and their tea company has two buildings covering over 
600 squ. m and over 100 acres of tea plantations. 

By the end of 2013, Du Ying had earned over 100,000 Yuan in only two months 
and paid off all of his bank loans, and net profit exceeded 400,000 Yuan in 2014. 
Today, Du Ying’s proud parents help the business, which provides jobs for dozens of 
his neighbors. Du Ying’s next plan is to build a “white tea experience hall” to help 
promote the village’s white tea folk culture. 

“The government helps a lot,’ Du Ying said. Chixi Primary School’s “Farmer 
Cultural and Technical School” offers courses on everything from e-commerce, 
catering and tourism etiquette to tea planting, aquaculture and fruit tree cultiva- 
tion. Such support, coupled with Du Ying’s example, has helped lead over 40 college 
and technical graduates to return to Chixi Village for business or work. 

When asked if Du Ying had any special marks on his body, he said, “If there is, 
it is the fighting spirit of Fujian people!” 

Xi Jinping’s “weak bird” of Ningde has not only flown first but soared higher than 
anyone could have imagined. 

But Ningde’s success also owes much to China’s rapidly evolving infrastructure, 
which was possible because of the tunnels dug by my traveling companion, Mr. Lin 
Zhengjia—a barefoot country boy turned entrepreneur, documentary film maker and 
philanthropist whose inspiring story we’ll read in the next chapter. 
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Chapter 3 A) 
Lin Zhengjia: China’s Kung Fu Tunnel get 
Expert with Artitude 


Barefoot Country Boy Dreams Big 


In the 1990s, a deeply rutted road forced me to drive so slowly that a wizened granny 
grinned and waved as she passed me on foot. Highways were little better. We were 
stuck in a remote Sichuan village for three days when rains washed out that area’s 
only national highway. But two decades later, China has the world’s most extensive 
highway and railway system, and I was fortunate to explore 20,000 km with one of 
the men who helped make it possible. 

Mr. Lin Zhengjia, a truly rags-to-riches entrepreneur with only four years of 
schooling, proudly showed me many of his dozens of tunnels, from Xiamen’s dual 
3-lane undersea tunnel plunging 70 m below the sea to Tibet railway tunnels, which 
at 5,000 m above sea-level, are the highest in the world. 

Lin had no shoes until he was a teen, and learned Kung Fu to fend off schoolyard 
bullies and give himself confidence, but he doesn’t lack confidence today—in either 
himself or in China. He wears many hats, including entrepreneur, adventurer, martial 
arts expert, philanthropist, historian and film-maker, promoter of Chinese culture and 
publisher of the magazine Artitude, and head of the overseas Chinese association. He 
has also donated over 50 million Yuan for poverty relief, education and international 
cultural exchanges. 


Pingtan Island: Home of World’s First Seafaring Explorers 


Mr. Lin was born on Pingtan Island, the part of the mainland closest to Taiwan, and 
is proud of his home’s heritage as the origin of Austronesian culture. “I have no 
diploma but I do have culture!” he said. “All Pingtan people have the island spirit 
that drove tens of thousands of our ancestors across the seas to settle on the islands.” 

The world’s first truly global ocean adventurers, ancient Pingtan people settled 
not only in Taiwan but also the Pacific and Indian Ocean islands from Easter Island 
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and Hawaii in the East to Madagascar in the West and New Zealand in the South. 
Today, 386 million people speak one of the 1,257 Austronesian languages. 

Pingtan’s extensive trade helped give rise to the legendary Maritime Silk Road, 
and for over two centuries the island was strategic for both mainland and Taiwan 
coastal defense as Pingtan’s Haitan Fort and Taiwan’s Penghu Navy exchanged troops 
for three-year stints. Not surprisingly, many Pingtan and Taiwan people are related. 

I suspect that Pingtan folk explored the world simply because survival was so 
difficult at home. “We said Pingtan has ‘stones but no grass’,” Lin said, “because not 
even grass survived here.” But tough terrain breeds tough people. “We lived by the 
sea and off the sea,” and on sweet potatoes and peanuts because they could survive 
in sandy soil.” 

Pingtan is also famous for its unique stone homes, some of which are centuries 
old. Mr. Lin showed me the stone house of his childhood, which he is restoring. “I had 
eight siblings, so with grandma we had 11 living in this tiny 25 squ. m shelter. And 
our school’s teachers were just village school graduates. That’s why my Putonghua 
(standard Chinese) is so poor. I’m uneducated.” 

I had wondered why he had such a strong accent that he sounded like a foreigner. 


Kung Fu Confidence 


“Other children looked down on me because I could not afford the 4 or 5 Yuan 
tuition,” Lin said. “So I studied martial arts to stop their bullying and increase my 
confidence.” 

“How many years did you practice?” I asked. 

“Over ten years,” he said. “And as my strength and confidence grew, I tried to 
join the army, which was my dream — but they turned me down! So I worked as 
a laborer in the army for ten years and learned more martial arts with the military 
police, though in the 1980s, many people studied martial arts because of Chairman 
Mao.” 

A 24-year-old Mao Zedong wrote, “If one seeks to improve one’s body other 
things will follow automatically.” For Mr. Lin and his second son, who is now a 
special commander in Singapore, martial arts became both a physical and mental 
discipline. 

“Martial arts changed my life,’ Lin said, “and engineering changed my career 
— and the two influenced each other. Us martial arts practitioners had the confidence 
and strength to work 14 h without a break when others collapsed after 12, and only 
we dared face winters at the Qinling tunnel site. And while others worried about 
kidnappings at remote sites, I was never afraid. Even if approached by four or five 
suspicious people at night, I had confidence! 

“But the dangers were so great that sometimes heaven alone helped me survive. I 
often inspected the Qinling Tunnel site at night in case the workers had cut corners.” 

“Now that life is easier, do you still practice martial arts?” I asked. 
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Lin grinned and let loose a kick higher than my head. “I still practice for hours, 
and still climb hills at dawn. I’m in good health. Without martial arts, I’d have died 
by now.” 


Struggle Succeeds Thanks to Reform and Opening up 


But Mr. Lin admitted that even his dogged determination would have been fruitless 
had it not been for China’s changes. “Without reform and opening up,” Lin said, 
“those of us born in the 1960s would not be here today. Life was a struggle, and 
poor children were often forced to take charge of their household early. But as we 
Fujian people sing, ‘Struggle to succeed!’ and we all dreamed of making something 
of ourselves.” 

Pingtan’s poverty arose in part from its isolation. The fierce winds—over 50 kph 
200 days a year—and violent waves led global experts to declare Pingtan as one of 
three places on the planet impossible to build a bridge, the others being the Bermudas 
and Cape of Good Hope. But thanks to the 2010 completion of Pingtan’s “impossible 
bridge”, and the world’s longest cross-sea road-rail bridge in 2019, the once sleepy 
island is now thriving and even leading the nation in fields from 5G and self-driven 
buses to shipping and tunneling. 


Fujian Dream: Love of Home 


“Pingtan should be China’s number one county in maritime shipping,” Mr. Lin said. 
“We have the island spirit, and we take root wherever we go and dare strive to thrive. 
But we are also nostalgic and cherish our Fujian culture, so for hundreds of years, 
wherever we Fujianese go in the world, if we get rich, our dream is to return and 
help our hometown. Patriotism and love of country are integral to traditional Chinese 
culture.” 

His comments reminded me of Henry Noel Shore,! who in 1881 wrote of 
Fujianese’ love for their homeland: 


... Very many (Fujianese) settle down in their adopted countries, but great numbers return 
home after amassing a competency; some, indeed, after death to be buried near their ancestors, 
for the Chinese have a deep regard for the mother country, and make a point of having their 
bodies embalmed, if, that is to say, they can afford it, and being sent back to their native 
place for burial. 


“T understand why. Seafaring is in your blood,” I told Mr. Lin, “But why does 
Pingtan account for 70% of China’s tunnel industry?” 


'The Hon. Henry Noel Shore, R.N., The Flight of the Lapwing, A Naval Officer’s Jottings in China, 
Formosa and Japan, Longmans, Green and Company, London, 1881. 
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“Two reasons,” Lin said. “Firstly, during war years, we dug underground shelters 
from solid rock, so we are adept at working rock. Secondly, we had no other way 
to make money. Other people avoided tunneling because it was so dangerous but 
Pingtan people dared to do anything. So over the years we not only mastered the 
technology and techniques but even improved upon them, and today tunneling is 
Pingtan’s largest industrial chain. 

“When I dug my first tunnel 20 years ago in Yan’an, it was as grueling and 
dangerous as digging mines. We’d dig by hand one meter, prop it up with wood, 
and dig another meter. We had no tractors so we dragged out the dregs on skids. At 
only a few dozen centimeters a day, it took ages to dig a 1,000 meter tunnel, and if 
there was a landslide, we had no support at all. But I kept learning new tunneling 
techniques, and I adopted the faster and safer New Austrian sequential tunneling 
method. In Gansu, I was able to dig up to 12 meters a day. Now looking back, I’ve 
no idea how I did it.” 

“Maybe you whacked the rocks with your Kung Fu fists?” 

Lin laughed and threw a rapid punch that came close enough to scare my mous- 
tache. “It became normal for us to dig dozens and even hundreds of meters in a 
month. I was always learning, and whenever I saw new equipment, I bought it— 
even equipment that state-owned enterprises did not buy. I did this to build a brand, 
and that could only be done by making progress. As our reputation grew, we got 
better jobs, and we also got better workers because they needed reliable jobs and 
they all knew that Lin Zhengjia’s team was good and honest. 


Battling Goliaths Together 


“But as a small private enterprise we were always competing with state-owned giants, 
and unlike them, we did not have a parent company to protect us. We could only 
borrow money from family and friends because banks would not loan to someone 
who had no money. But I succeeded in business for 20 years because my parents 
taught me, ‘Son, you need to become a leader, but a leader must have integrity and be 
dedicated.’ We rural families always helped each other. When I was young, neighbors 
were all like brothers and sisters. If something happened to your family, and I did 
not help you, I could not live with myself. And my parents taught me to not fear 
suffering or exhaustion. To get ahead, you must step out — but after stepping out, you 
must return home again. 

“So I did step out, and my 20 years’ experience was quite profound. In my third 
year I earned enough to buy an off-road vehicle because I had to do site inspections 
but there were no highways to my projects. My driver and I traveled 130,000 km that 
year and 110,000 km the following year. From 2001 to 2002, I built the Fenghuang 
Tunnel on the Qinghai-Tibet Railway, the highest tunnel in the world. At that time, 
no one else dared work at such altitudes. Within days our lips were cracked. But our 
team slowly grew and the team culture became more powerful. I couldn’t personally 
visit every site but I kept studying the latest tunnel strategy and technology in China 
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and abroad and continued to improve. We were very conscientious and improved 
rapidly, and I named my company Jiaxin Haitan Holding Group, which means “Jia 
Family Pingtan enterprise based on integrity. For almost ten years I didn’t return 
home for Spring Festival because progress and profits were faster during holidays.” 


China’s First Undersea Tunnel 


“Did you earn a lot from Xiamen Xiang’ an undersea tunnel job?” I asked. 

Lin laughed. “Actually, I lost a lot on that job. Four companies initially competed 
for the project but two dropped out. We progressed only six meters a month because 
the German supervisors directed us by book knowledge that didn’t fit our real life 
situation. The supervisor, construction team and design team were not a family and 
when the foreign supervisors fought each other, everything stopped for a month or 
two. I lost over 40 million Yuan. Finally, I held a meeting with my company and 
reminded them of Fujianese’ motto, ‘persistence is victory!’ I said, “This is China’s 
first undersea tunnel so we must certainly do this, and do it well.’ We persevered, 
finished the tunnel and quickly passed all inspections. I made no money on that tunnel 
but I learned a lot. And I attended many schools to improve myself, including EMBA 
at Tsinghua University, Peking University and Changjiang Business School. But in 
2007, I switched my focus to investing, and since 2011 or 2012 I’ve been focusing 
on promoting culture.” 

Lin smiled proudly. “So much has changed now! I had to squeeze a month from my 
schedule to travel with you around China but I wanted to see the tunnels we built and 
to witness for myself the results of our efforts. I was very moved by the experiences. 
Only 20 years ago, China had less than 2 km of expressways; today, 120,000 km 
of expressways! China had 50,000 or 60,000 km of railways back then but over 
140,000 km today. Such earthshaking changes in only 20 years — and someone like 
me, a kid born in the 1960s, was able to experience it.” 


From Commerce to Culture 


“So why do you now focus on culture?” I asked. 

“Money is earned from society,” he said, “so naturally it should be returned to 
society. Our bellies are full; now we need to fill our spirits. I shot a documentary about 
the South Pacific’s Austronesian Culture and donated tens of millions for related 
documentaries. I also made a documentary on Chen Jiageng [the “Henry Ford of 
Asia” who founded Xiamen University], who started out as a Chinese laborer. And I 
filmed about 1,000 people for the 60-episode documentary about overseas Chinese 
who sought their fortune abroad but returned to help their hometowns by building 
schools and roads. I plan to shoot 100 episodes in total.” 
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As a Singapore resident, Mr. Lin is technically also an Overseas Chinese, but he 
spends much of his time in the mainland, and since 2012 has increased his push to 
protect and restore traditional Pingtan culture. “I firmly favor opening up Pingtan 
but we also need to respect and protect the traditional culture. My 2012 proposal 
was rejected but Xi Jinping visited Pingtan in 2014 and changed everything with one 
sentence. He said, ‘A true treasure should never be exchanged for a fake treasure.’ 
After that, People’s Daily and Fujian Daily published articles about my proposal, 
the government supported it, and eventually it was rated as a Top Ten outstanding 
proposal. 

“Stone is the culture of Pingtan,” Lin said, “symbolizing our tenacity and unstop- 
pable spirit. And it is our common culture with Taiwan. Taiwan has many stone 
houses just like those in Pingtan. No one but Pingtan and Taiwan people can build 
such houses. It takes craftsmanship.” 

Mr. Lin sees Xi Jinping’s Belt and Road Initiative as a vehicle to promote cultural 
exchanges. “In recent years, I have been promoting the Belt and Road Initiative. Now 
that China’s highways are so good, I hope that China’s culture will be like China’s 
highways. 

“The true international language is not English,” he said, “or any other language. 
Culture is the only truly borderless, transnational language. I’ve worked for years to 
promote China’s culture to the world but it must go both ways. I also want world 
cultures introduced to China, so I donated 10 to 20 million Yuan to start a China 
International Cultural Exchange Foundation. A truly new era needs new thinking, 
with bidirectional and integrated cultural exchanges.” 

“So what can the world learn from Chinese culture?” 

Lin smiled. “I think a great element of the Chinese nation is the spirit of hardship 
and hard work. We don’t fear suffering or toil. This spirit is something the Chinese 
nation deserves to carry on. Why can 60 or 70 million Chinese live so well overseas? 
It is because of this spirit. They work hard, prosper, and love their home. So I don’t 
believe there is any reason for the Chinese to not prosper.” 


Superior Culture, Leading Spirits 


Over the years I’ve read biographies of many historic Overseas Chinese entrepreneurs 
who, with little or no education, amassed great fortunes which they used to help not 
only their homeland but also their adopted homes. As I explored China with Mr. 
Lin, I could see clearly that today’s generation is just as capable as its ancestors, and 
they will continue to enrich not just China but the world. As Maclay” wrote in 1861, 
Chinese throughout Southeast Asia relied upon their keen work ethic and integrity 
to ... become the “leading spirits” of their adopted homes. 


Rev. R. S. Maclay, Life Among the Chinese: With Characteristic Sketches and Incidents of 
Missionary Operations and Prospects in China, Carlton & Porter, New York, 1861. 
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The Chinese work ethic that Maclay wrote of in 1861 has survived the ages, and 
is a powerful force to this day, because it is being perpetuated by educators who are 
both traditional in morals and values and highly innovative in teaching—teachers 
like Prof. Hu Min, whom we visited in Beijing. 

Prof. Hu Min, CEO of New Channel, is one of China’s most respected educators, 
but had it not been for a country teacher’s intervention, he would have never even 
finished high school. 
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Chapter 4 ®) 
Prof. Hu Min, Scholar Entrepreneur ly 
and ‘Father of IELTS in China” 


Land of Books 


China is said to have more books than any other country. I am not able to say whether this 
statement is true or not, but certainly the Chinese have a voluminous literature. In Peking 
there are several blocks of streets in the Chinese city which are devoted to books. The Hanlin 
Library! contained many thousand volumes. Among them there was one work comprising 
23,633 volumes...2 


Denby, 1906 


Two hundred years after Plato wrote of a fictional utopian meritocracy ruled by wise 
and capable “Philosopher Kings”, China instituted a real-life meritocracy to govern 
its 50 to 60 million people by virtuous and honest leaders selected solely on merit. 
That ancient meritocracy, grounded upon Confucian education and moral values, 
survives to this day—but what about tomorrow? I saw the future of tomorrow’s 
education when I met Prof. Hu Min, the visionary founder and CEO of New Channel 
Education Group. 

China has over 50,000 programs teaching English, but in 1999, Hu Min single- 
handedly helped raise China’s English standards to a new level by promoting IELTS 
in China. He flew to the UK, boldly told leaders that “IELTS will become a rising 
star” in China, and returned to Beijing to form a team of outstanding teachers to 
research and develop China’s first set of IELTS textbooks. 

Today, IELTS has 74 test centers around the country, and in 2017, over half a 
million of the IELTS’s 3 million test takers were from China, but the “Father of 
IELTS in China” is resolutely against merely teaching “exam skills”. “How is it that 
Chinese can study English for ten years and still be unable to speak it?” he asked. 
“English learning should create an actual capability, not just a shortcut to pass tests. 
If English is an ability that has penetrated to the marrow, tests are easy! But even as 
tools rust without use, English is a tool that must be used always.” 


'China’s first public library was in our Fujian provincial capital of Fuzhou. 

2The Hon. Charles Denby, LL.D. [Thirteen Years United States Minister to China], China and Her 
People: Being the Observations, Reminiscences, and Conclusions of an American Diplomat, Vol. 
II, L.C. Page and Company, Boston, 1906. 
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From Meritocracy to Global Competency 


Hu Min’s most far-reaching innovation is probably his emphasis on cultivating 
youth’s “global competency” to prepare them for China’s growing global role, but 
even as he prepares youth for the future, he grounds them solidly in their own heritage 
and culture. “I encourage students to study abroad but not until after they have laid 
their own cultural and learning foundation.” To this end he has prepared the unique 
Stories of China Retold in English series, which includes television programs with 
China Education TV (CETV), global story telling competitions, dramatic perfor- 
mances, books with QR codes for supplemental mobile content and even animated 
features. 

Today, Hu Min is in what he calls “the second chapter of my 100 years”, yet 
he still maintains a relentless schedule in China and abroad because he is “forever 
18-years-old”: 


Always keep an 18-year-old’s mentality because at 18 you still have the innocence and sunny 
spirit of youth but also the rights of an adult. Besides, you have a brain with an overwhelming 
hunger and thirst for knowledge, and a burning enthusiasm for life and the future. 


But Hu Min had little thirst for knowledge until a country teacher intervened in his 
life—twice. 


Hu Min’s Greatest Influence 


Born in Mao Zedong’s hometown of Hunan in 1964, Hu Min vividly remembers the 
winters, feet half frozen after he’d removed his shoes to wade barefoot across a river 
to his rural school. It was a brutal daily trek, especially for a kid who wasn’t that keen 
on school. “I was so mischievous in Junior High that they finally decided to expel 
me, but one teacher said, ‘We live for decades; who can be certain how Hu Min will 
turn out? He’s young; we should give him another chance.” 
“That teacher was my life’s greatest influence,’ Hu Min said, “and I tried to live up 
to his expectations. And luckily, he also taught me in high school. I had no interest in 
English then, but he told our class he could reward more of us if we prepared harder 
for an exam. He looked at each of us but when his eyes met mine, it seemed he spoke 
to me alone. After the exam, a student told me that Teacher Chen wanted me to go 
to his house. I hesitated, thinking I was in trouble, but the student insisted. When I 
got to his house, Teacher Chen said, ‘My wife and I are going to watch a movie in 
town. You (shall) stay and grade the papers. I prepared some snacks.’ And they left! 
“My classmates watched me from outside, noses against the window. ‘What’s 
my score?’ they asked. After the teacher returned, I asked why he had me grade the 
tests. He said, ‘Because your test answers were correct.’ I did not get a prize but 
that affirmation was worth far more than any prize. He showed me that education’s 
greatest purpose is to change people’s destiny.” 
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15-Year-Old University Student 


In 1979, at age 15, Hu Min and Chen Caixia, his future wife, both tested into Xiangtan 
University, and he started teaching at 19—but I wanted to know what kind of teacher 
the mischievous kid turned out to be. I found out when I met Prof. Wen Weiping, a 
National Model Teacher at Xiangtan University who was Hu Min’s college classmate 
and then coworker for 15 years. 

“I knew Hu Min very well,” she said, “and personally, I think his success was 
inevitable. He and his wife Chen Caixia were the youngest in our class but Hu Min 
was very insightful and motivated. For example, our classmates all chose Guilin for 
an internship because it is so beautiful, but Hu Min chose to intern at a school right 
here in Xiangtan. That showed us his character and determination. And where others 
did little academic research, Hu Min was always one step ahead of us all editing 
textbooks and writing papers. That is why, at age 28, he became China’s youngest 
associate professor in the field of social sciences. And it was Hu Min’s farsighted 
vision that ultimately led him to his concept of ‘cultivating globally competent youth.’ 

“But Hu Min is also a man of great love. He is not our wealthiest alumni but he 
is one of the most generous. He has established scholarships for schools all across 
China, but while he delights in giving to others, he is very strict and frugal with 
himself. For example, when I’m overseas he only talks to me on WeChat, even if 
the connection is bad, because he won’t waste money on long distance calls! And he 
generously invites friends to nice meals but he takes home leftovers to avoid wasting 
food. Such things reveal his high character and values.” 


Starting from Scratch in Beijing 


In September, 1994, Hu Min moved from Xiangtan University to Beijing’s famous 
foreign language institution, the University of International Relations, where he 
quickly distinguished himself, but Beijing life wasn’t easy at first. His rural Hunan 
accent was so strong that even Beijing railway workers looked down their nose at 
him. “I was a former associate professor but people here treated me like a migrant 
worker for years!” Hu Min said. “So from day one, I determined to be successful so 
no one could treat me or my family like that again.” 

Hu Min rapidly gained honors and recognition, as did his students, but at age 36, 
he was struck by the realization that he was halfway to retirement at 70. “How many 
more students can I teach before then?” he thought. “In private education I could 
reach many more students and my readers would be countless.” So Hu Min shocked 
his leader by resigning. 

“You must think clearly!” the leader said to his star professor. “This resignation 
is not a joke!” Friends were also startled, and encouraged Hu Min’s wife to keep her 
own position as a safety net, but she knew her husband too well and also resigned 
her own job. 
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Hu Min went on to teach at New Oriental, where he worked his way up the 
ladder to CEO, but at age 40 he resigned to found New Channel in a small house 
on Zhichunlu Rd. Today, New Channel has over 8,000 employees and has published 
over 500 books used by its more than 100,000 students in 300 learning centers and 
40 worldwide branch schools. 

“I see why your motto is “I will persist until I succeed!” I said. “You are certainly 
successful now, but did you face any challenges?” 


Doubts and Depression 


Hu Min nodded somberly. “It is difficult to start a business from scratch. This world 
has many dreamers but how many persist until they create value for society and 
wealth for themselves? New Channel started in October, 2004, but by the end of 
2006 I felt severely depressed because we were broke, our team was unstable and 
we faced cutthroat competition because everyone was doing the same thing. I felt 
hopeless and finally completely collapsed.” 

Prof. Hu Min paused, as if still pained by the memories. “I share this calmly now, 
but back then I was desperate. At Spring Festival, I told my wife and son to return 
to Hunan for a week. “When you return,’ I said, ‘New Channel will no longer exist.’ 
I really wanted to give it up. In university and business I’d had honors, recognition 
and wealth. Why was it so hard to start over? I could not figure it out. 

“I locked myself in the house alone for a week, never leaving, and every day I 
asked myself, “Why would a 40-year-old start over like this? What was in my heart 
then? As Xi Jinping has often said, “Stay true to your original aspirations and the 
founding mission.’ 

“Why create New Channel? The fact is that even now most institutions cater 
to students. You want scores, I'll give you scores. But a business must find their 
customers’ biggest pain point, which for students is their inability to communicate 
in English. Teaching exam skills to improve scores cures the symptoms but not the 
root causes of the disease, just like pills may relieve a cold but only physical fitness 
training can strengthen you to resist another cold. I had started New Channel to 
treat both symptoms and root causes by raising ability, which would naturally raise 
scores—but was my original intention correct? 


Remember Your First Love 


“I agonized over this for days. Abandon my original dream or stick to my ideals? 
Success requires having the correct intention, the right team and like-minded 
investors who invest in you because they share your dream and you are doing the 
right thing. I finally decided there was no reason for failure because my intentions 
were right — so I determined to start afresh! 
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“T felt reborn, fully alive! Most businesses fail the first year and 80 to 90% die by 
the third year, but by year three we were thriving because we persisted in doing the 
right thing for students.” 

This mischievous country kid, who admits he is now more mischievous than 
ever, has gone on to receive numerous awards for his contribution to education, 
including the British Cultural Association’s Global “IELTS 20 Years 20 People” 
Outstanding Contribution Award and the “Beijing Educational Merit Award for 30 
Years of Reform and Opening Up”. But Hu Min is quick to admit that his success is 
due to more than just his own efforts. 

“For two decades, I’ve pondered how my life might have turned out had it not 
been for reform and opening up,” Hu Min said. “I might still be planting fields in the 
countryside instead of establishing New Channel. That is unthinkable!” 


New Channel’s New Mission 


“But China has many companies teaching English,” I said. “What makes New 
Channel different?” 

“Education must have a sense of mission,’ Hu Min said. “Many people study a 
foreign language to go abroad or emigrate, but I remember crossing that freezing 
river barefoot as a child, and yet today I have a happy family and career right here in 
China, and life will only get better. So New Channel not only fully meets students’ 
academic needs but also helps them understand and value their own culture and 
country. Only cultural self-confidence can help Chinese better integrate into today’s 
global society—but Chinese students abroad have a big problem. Our Chinese culture 
and etiquette lead them to respectfully learn about their host country but they don’t 
share China’s stories because telling Chinese stories in English is difficult and they 
are not prepared. And even foreigners here in China often know little about our 
country. 

“New Channel was probably first to emphasize that youth learn about their Chinese 
heritage but we hope more will join us,” Hu Min said. “The more that China develops, 
the more people want to know about China. So the entire world will benefit if we 
awaken youths’ cultural awareness. This will help the world understand China and 
China understand the world.” 


Stories of China Retold in English Project 


To help both Chinese and foreigners learn more about ancient and modern China, Hu 
Min’s team of Chinese and foreign experts has created the Stories of China Retold 
in English project. The initial 3-volume bilingual set had over 200 stories, from 
historical tales about culture and values to modern achievements such as high-speed 
rail, or scientists such as Nobel Prize laureate Tu Youyou. Hu Min has also published 
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newly translated and beautifully illustrated versions of The Analects of Confucius, 
Dao De Jing and Sun Zi’s Art of War. 

Hu Min’s most influential work will probably be Global Competence: The Core 
Literacy of Future Adolescents. 

“In today’s global world,’ Hu Min said, “talk of building a better world without 
cultural exchange is just empty words. Only mutual understanding, tolerance and 
respect can help us live and work together in harmony. Technology can be quanti- 
fied with numbers and formulas but cultural soft power can only be wielded through 
human communication and interaction. So in the second half of my life Iam focusing 
on one thing — training the global competency of youth. They need more than 
book knowledge and high exam scores. We build both their hard and soft power 
by expanding both their global perspective and their knowledge of China’s tradi- 
tional cultural foundation. I am very excited about this because the 21st century is 
completely different from the 20th century. This is the era of globalization, but much 
needs to be done.” 


Community of Human Destiny 


“I don’t understand politics,” Hu Min said, “but I like General Secretary Xi’s vision 
of “a global community of shared future”. China and all countries and regions must 
develop together. A country that develops itself but ignores others has no future. 

“President Xi often talks of ‘harmony with differences, all beautiful, one Great 
Community under heaven.’ As a British sinologist recently said, many countries’ 
development depended upon plunder, war and aggression, but China has never coun- 
tenanced aggression and suppression of other countries. We have always sought 
peace, and we Chinese are fully confident in the future because we have patience, 
tenacity, and confidence that we’ll all be better off if we are kind and better to each 
other.” 

Thad one last question for this Confucian Scholar Entrepreneur. “You’ve said that 
you benefited greatly from reform and opening up, but do today’s youth have as many 
opportunities as you did? This is important for me, as I teach business to Chinese 
youth.” 


Hu Min’s Five Magic Weapons for Success 


“The future will only get better,’ Hu Min said, “if you follow five magic weapons 
for success.” 


1. Focus on strategy! Focus is simply physics. Position yourself, know who you are. How do 
we compete against 50,000 English education institutions? Quite often, deciding what not 
to do is more important than deciding what to do. 
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2. Differentiated competition. New Channel was not first, but we found many students having 
the same problem. They study English for years but can’t actually use it. So we focus not on 
high exam scores but high English competency, which naturally leads to high scores. 


3. Hard work. The world is fair. If you give, and work hard, you will get everything you 
deserve. 

4. Be good at reflection. Know yourself. “Ask yourself at all times, can I do better?” 

5. Share benefits. You may have created the business but it is not solely yours. At first, you 


share with your partners; later, you create value for customers and benefit employees. China, 
for example, is sharing its benefits with the world through the Belt and Road Initiative. 


I will be sure to borrow Hu Min’s five magic secrets for my leadership and strategy 
classes. 

Just before I left New Channel’s Beijing headquarters, Hu Min said, “It is fate 
that, of the planet’s billions of people, you and I should meet.” I agree. And I’m 
especially thankful for the fate that led a compassionate country teacher to intervene 
in the life of a mischievous boy, who in turn has changed the lives of over one million 
youth. 

I hope that I can do the same for those people fated to cross my own path. 


Ballroom Dancing Inner Mongolia Blacksmith 


Prof. Hu Min is both a classic Confucian scholar and a modern innovative 
entrepreneur, but a few days later we met a blacksmith in Inner Mongolia who 
also proved to be quite the entrepreneur—and a ballroom dancing philosopher as 
well. 
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Chapter 5 A) 
Cui Rui, Philosopher, Blacksmith geai 
in Inner Mongolia 


These are China’s best days — and it will only get better! 

Rural Chinese blacksmiths forge flaming iron with hammer and anvil much like 
their ancestors 1,000 years ago. They bring to mind a favorite childhood poem, 
Longfellow’s, The Village Blacksmith, which reads in part, 


Under a spreading chestnut tree, The Village blacksmith stands, 
The smith, a mighty man is he, With large and sinewy hands; 
And the muscles of his brawny arms are strong as iron bands. 
His hair is crisp, and black, and long, His face is like the tan; 

His brow is wet with honest sweat, He earns what’re he can, 
And looks the whole world in the face, For he owes not any man. 


But not even Longfellow himself could have imagined a man like Cui Rui, a 5th 
generation blacksmith who witnessed New China’s transformation firsthand and said 
to us that in spite of amazing progress, “The best is yet ahead!” 


Born in Old China, Thriving in New China 


Cui Rui grinned as he greeted us from the doorway of his shop, which was on a street 
lined with new wooden buildings designed in traditional styles. He was dressed 
plainly, and his shop was littered with odds and ends that looked like they’d been 
tossed there before Liberation in 1949. I would have never guessed that this shabby 
shop’s owner produced not just knives and cleavers but recreations of jeweled swords 
and metal utensils now proudly displayed in some of the best museums in the land. 

Cui Rui invited us to sit on stools in the back of his shop while he shared his story. 

“Life has improved a lot,’ Cui Rui said. “It is very different from 20 or 30 years 
ago. We had hard times then, but today we have a well-off society.” 

Cui Rui shared frankly about mistakes made and lessons learned as the nation 
slowly modernized and shook off poverty, but in his eyes the turning point was Deng 
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Xiaoping’s reform and opening up. “A remarkable figure appeared in China,” Cui 
Rui said. “Deng Xiaoping led China’s people and started us on a new journey. Since 
then, generation after generation have led China into a more advanced and scientific 
era. 

“I am 76 years old,” he said. “I was born in the old society, but today is the best 
of times! In the old days, you could not eat even vegetables, much less staple foods. 
Today, however, various fruits and vegetables are very abundant year round. In the 
summer we can now eat fruits and vegetables that used to be sold only in winter. 
And people’s lives are particularly carefree. Retired workers and the elderly have no 
pressure in life.” 

Of course, in a competitive society not everyone is free of pressure. Cui Rui said, 
“Young people are competing to get into college, and invest a lot of hard work in the 
exams. But I feel today is better than any time in China’s past — and it will probably 
be even better in the future!” 


Blacksmithing in the Blood 


Cui Rui tried his hand at many things after retirement but his first love is still working 
iron. “I am the fifth generation of our family, and our family has been blacksmiths 
for over 200 years. In the last years of the reign of Emperor Daoguang, my ancestor 
suffered a drought in his hometown of Shanxi. He begged his way all the way to 
Inner Mongolia. After his blacksmith apprenticeship, he started his own business, 
but then returned to Shanxi, leaving behind his 9-year-old son. 

“His son also became a blacksmith’s apprentice, started his own business, and 
had a family of five sons and two daughters. And each generation carried on the 
blacksmith tradition right up until Liberation in 1949. 

My grandpa had nine children and four of them chose to be blacksmiths. My 
father and uncle were both blacksmiths, and they passed down their technique. I’m 
the fifth generation, and I and my five brothers are all blacksmiths! 

After Liberation, Cui Rui and his brother worked in the state-owned factory, but, 
“After the reform and opening up, factories closed and the market economy replaced 
the planned economy. We relied on ourselves and lived on working iron.” 

I wondered if people like Cui Rui preferred the security of the old ways over 
the competitive pressures of the market economy, but he is grateful for the changes. 
“Our lives have changed greatly,” he said. “We were the have-nots but now we’re the 
haves!” we went from a meager existence to affluence. We have indeed tasted the 
sweetness of reform and opening up!” 

Cui Rui’s enthusiasm was contagious. I imagined him giving a pep talk to my 
own XMU students because this 5th generation blacksmith is well-informed not just 
on local changes but the nation as a whole. 

“Of course, from the development of the country, the development of the political 
situation, and the development of various aspects, we are very proud when we listen 
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to radio or watch TV,” Cui Rui said. “Although I am 76 years old, and I am in the 
twilight of my life, the joy of a new happy life still feels new to me.” 

For someone supposedly in the twilight of his life, he shows no signs of slowing 
down, driven by pride in both country and profession. 


Can’t Cook Without a Cleaver! 


“As a Chinese,” Cui Rui said, “I am very proud and very happy. And as a blacksmith, 
I must continue my career. I mainly create knives and other objects, which are used 
by ordinary people.” He hefted a beautifully balanced knife and laughed as he said, 
“Every family has to cook, and you can’t cook without a cleaver!” 

Cui Rui’s cleaver, with its razor edge and beautifully carved wooden handle, was a 
work of art distinct from the cheap, mass produced knives in stores. I’ve loved knives 
since childhood, when I was given my grandpa’s pearl-handled knife. Cui Rui must 
have sensed my delight as I tested the cleaver’s balance. “Keep it!” he said. I could 
not keep it, sadly, as I would be taking a train in West China and it would not pass 
security, but someday I hope to return for it — and give it to my own grandson. 

Cui Rui is passionate about his work, and especially about preserving the tech- 
niques inherited from his ancestors. He turned the cleaver over in his hand and sighed. 
“My forefathers had so many wondrous ironworking techniques that are now lost. 
I’ve worked to rediscover them — to bring some lost things back to life. I want to 
leave a legacy for future generations. And today’s prosperity gives me the freedom 
for innovation and creation. 

“In the past, my father and uncle were very clever, and their skills were quite good. 
Like me, they wanted to create something special, but the pressures of life prevented 
it. Their families had five or six children, and with eight or nine people in a family 
and only one person working for a meager salary, they struggled just to make ends 
meet.” 

Cui Rui frowned as he recalled the old days. “Everyone ate from the big rice pot. 
Industrious people worked harder but lazy people did little. By the time of reform 
and opening up, my father and uncle were already in their twilight years. They really 
paid the price to train us, so for their sakes, my generation must work from our heart 
to create what they could not.” 


Ballroom Dancing Blacksmith 


The 76-year-old laughed and thumped his chest. “My health is very good! So I must 
take advantage of reform and opening up. We eat well, we live well — life is very 
good!” 

Life is good indeed, and this village blacksmith has quite the social life. “I am 
a blacksmith,” Cui Rui said, “but I can also have my own hobbies and cultural life. 
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For example, I am active and I exercise. I also practice martial arts. I wanted to learn 
martial arts when I was young but with the pressure of life there was no way. And 
today, I still dance — even ballroom dancing. Every night, I practice ballroom dancing 
in Dazhao Square. My life is very rich!” 

Not all of Cui Rui’s peers have seized the day as he has. “I took advantage of 
these good times, but many of my peers failed to catch up, and died early of illness. I 
work every day, but not because of financial need. Each day I am free to do whatever 
I want to do.” 


Resurrecting Legendary Techniques 


As if blacksmithing, Kung Fu and ballroom dancing weren’t enough to keep this 76- 
year-young man busy, he also makes museum-quality recreations of ancient metal 
cultural masterpieces. “I was at a museum for a while and the curator asked me to 
copy an ancient Kangxi sword. In ancient times, only the palace blacksmith possessed 
the techniques to make such knives.” He pointed to the elegant gold inlay in copper 
and gold plate on silver. “This is traditional Chinese technology, but when I arrived 
at the museum, this technology had been lost for 100 years. The curator asked me 
to rediscover the technique because they dared not display the real Kangxi sword 
in public. In the end, I did rediscover the technology. I was given only 80 Yuan for 
my efforts but I didn’t care how much I was paid because I was able to resurrect a 
precious technology for my country. The Kangxi sword can easily cut wire. It is a 
creative work made by rediscovered historic traditions.” 


Like Father, Like Son 


Nowadays, many youth are reluctant to spend years learning a low-paying traditional 
craft, so I asked Cui Rui, “Have you taught your techniques to your loved ones?” 

Cui Rui grinned proudly. “My son took over! And while in the museum, I recreated 
all of their iron exhibits. Some of my works were sold during the 30th Anniversary 
Celebration of the Inner Mongolia Autonomous Region, and many foreign friends 
bought them.” 

“Can your son also create these reproductions?” 

“Yes,” Cui Rui said, “he can make them now. He started his apprenticeship when 
he was only 13 and 14 and he is 48 years old this year. He runs our iron business and 
has a small workshop of his own and a retail store. My apprentices create the pieces 
that he sells in his shop.” 


Two Treasures the Secret to Life 37 


Two Treasures the Secret to Life 


Cui Rui seems to have boundless energy and excitement about life. “How is it you 
are in your 70 s but still so young?” I asked. It turns out this village blacksmith is 
also a philosopher. 

“Good health, good mood!” he said. “There are two treasures in life, one is the 
body and the other is the mood. If you’ve never experienced bitter times, you can’t 
taste the sweetness of today. Some young people not only do not work hard but they 
also blame families, parents and even society. In fact, the reason they don’t work 
hard is because they have never experienced any hardships. They’ve never known 
hunger like us. 

“In the past, iron work was all manual. From dawn to noon, I was sweaty head to 
toe, and lack of food left my legs almost too wobbly to walk. A man needs 1 1⁄2 to 2 Ib 
of food but I was given only 8 or 9 oz — and nothing in the morning. Nowadays, for 
breakfast people have a big table laden with eggs, milk and everything else. During 
bitter times, we were sent to the countryside where life was even harder. A day of 
wielding bellows and sledgehammer left a man exhausted and weak. We were panting 
and breathless — not like today, with so many big-bellied people. It was a difficult 
time in the country — not just Inner Mongolia but everywhere. Natural disasters left 
everyone famished.” 

The ebullient blacksmith’s face darkened for a moment as he reflected on the past, 
and then he brightened, the philosopher coming to the fore again. 

“But that’s all history now. It is still vivid to my generation when we talk of it but 
to the youth these are just stories, perhaps embellished. Youth today have not eaten 
soup made from husks and tree bark. Soups did not have eggs or other things; it was 
just water with a bit of soy sauce for color, a drop of oil and some spring onions and 
a tad of salt. It was hard to digest and we broke out in boils so badly that we could 
not even sit on a bench.” 

Cui Rui paused, and the entire room went silent as we thought of what his genera- 
tion endured only decades ago. But Cui Rui grinned again and said, “But China will 
be even better in the future!” 

As our time together came to a close, I scanned Cui Rui’s WeChat contact so we 
could keep in contact, and we took photos together in front of his tiny shop. 

As we drove off I turned and saw him waving until we were out of sight, and I 
was reminded vividly of the closing lines of Longfellow’s The Village Blacksmith, 


Thanks, thanks to thee, my worthy friend, 
For the lesson thou hast taught! 

Thus at the flaming forge of life 

Our fortunes must be wrought; 

Thus on its sounding anvil shaped 

Each burning deed and thought. 


Cui Rui’s story is representative of people I’ve met not just in Inner Mongolia but 
throughout the entire country. And later that same day, I had dinner in the home of 
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a creative Inner Mongolian mom in the remote countryside who paid her daughter’s 
Xiamen University tuition by making and selling traditional Mongolian snacks. 

Longfellow could have written a poem about her as well. 

The longer I live, the more I agree with Mark Twain that “There was never yet an 
uninteresting life, —especially in China. 

I could not imagine more stirring stories than the dozen or so I’d heard between 
Xiamen and Inner Mongolia, but one of the most moving tales was to come from 
Mr. Tian Ye, a compassionate young leader who has devoted his life to stamping out 
poverty in an area that even UNESCO once deemed hopeless. 
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Chapter 6 A) 
Mr. Tian Ye Frees Ningxia’s “Frogs geai 
in a Well” 


When I drove through Northwest China’s Ningxia Hui Autonomous Region in 1994, 
it was one of the poorest places I’d ever seen in China or any other country. The 
arid province suffered from desertification and had an abysmal infrastructure. I spent 
hours driving up and down dirt roads that snaked around mountains from one hamlet 
of mud-walled homes to another. 

Yet in spite of heartbreaking poverty, the people were cheerful, optimistic and 
kind, and I'd have never finished my 40,000 km drive without their help. During our 
three month journey, our van broke down completely only once—in Ningxia, just 
short of a mountain pass on a moonless night. I coasted the van backwards in the dark 
down hairpin curves until it coasted to a stop on a small patch of level ground. But as 
luck would have it, only 2 meters from my driver’s window was a small hand painted 
sign that read, “car repair”. It was after midnight but a wizened old grandpa opened 
the creaking wooden door, wiped the sleep from his eyes, looked at me closely, and 
asked, “You’re not from around here, are you?” 

“No, I’m from Fujian,” I said, “and I’m headed to Tibet.” He nodded, and without 
another word helped me push the van into a courtyard littered with ancient car parts. 
He looked more like a farmer than a mechanic but appearances can be deceiving. 
Several award certificates were tacked to the rough wooden walls of his repair bay. 
He found the problem within minutes, and two hours later crawled out from under 
the van, wiped his greasy hands, and said, “I don’t have the right parts but at least it 
will get you to Lanzhou’s repair center.” 

I was so grateful that I'd have paid any fee he demanded, but in spite of his obvious 
poverty and our wealth (in his eyes, at least), he asked for only a few Yuan and refused 
to accept more, apologizing that he’d not had all he needed to do the job right. 
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Young Xi Jinping Led Fujian to Ningxia 


As we traveled about Ningxia, our hearts ached to meet so many kindhearted people 
like him trapped in such poverty. We’d have never dreamed then how much their lives 
would change within only 25 years—some of it in part because of my own Fujian 
Province. 

China has tackled poverty so quickly by relying not just on top-down leadership 
and bottom up grassroots initiatives but also lateral support, with wealthier provinces 
partnering with their poorer counterparts. In 1996, only two years after our trip 
to Ningxia, Fujian’s young deputy Party secretary, Xi Jinping, led a delegation to 
Ningxia to explore ways to help what even UNESCO deemed one of the planet’s 
most destitute places. A year later, Xi proposed a resettlement program to move entire 
communities from the most desolate areas such as Xihaigu to more fertile land. Over 
1 million people have now benefited from this program, which was so successful that 
it was later adopted across the entire country. 

When we drove through Ningxia in July, 2019, I could scarcely believe this was the 
same wasteland I’d traversed in 1994. Modern highways and bullet train networks 
now crisscross the province. These are possible only because of the breathtaking 
bridges spanning the valleys and hi-tech tunnels so deep that the walls are lined with 
electronic light shows to keep drivers from dozing off. 


Xiamen University Partners with Ningxia 


Even more impressive was that Ningxia had greened as it had developed. Many of 
the formerly barren hills were now blanketed in grass, fields of corn or groves of 
fruit trees. 

Ningxia had also become a center for manufacturing and research, and I felt proud 
to see several buildings built by Xiamen University, which has partnered with Ningxia 
for years. And imagine my delight when, on my second day, I encountered half a 
dozen of my former MBA students who had just flown in from Fujian to explore a 
new project. 

Since 1958, Ningxia has lifted 3.3 million people from poverty, including 21.8% 
of the population during the last five years. But more moving than statistics are the 
firsthand accounts of changed lives—and the stories of young leaders like Mr. Tian 
Ye, a local who gave up lucrative opportunities after college in Xi’an to return home 
and help those he had grown up with escape poverty. 
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Mr. Tian Ye: A Passion for Fighting Poverty 


A native of Ningxia’s Longde, when Tian Ye was a child his father had worked 
in the Water Conservancy Bureau in Qianjin Village, a hamlet nestled deep in an 
inaccessible valley and one of the county’s two poorest villages. “When I went to 
college in 2002,” Tian Ye recalled, “a reservoir was almost finished and they had a 
road. I wondered when I left if I’d ever see that village again.” 

Tian Ye returned home after college but in September 2015 the local government 
sent him to Fujian’s Changle to broaden his experiences. “After my return home in 
June 2016, to my surprise I was put in charge of poverty alleviation for the county’s 
two poorest villages, Qianjin Village and Xinzhuang Village! When I left in 2002, 
almost all Qianjin Village homes were mud-walled. But when I returned in 2016 
— nothing had changed! I’d changed, though. Although I still recognized the people, 
they did not recognize me, so when I first started, I didn’t tell them I had been there 
when I was young.” 


Replacing Mud-Wall Death Traps 


“At that time,” Tian Ye said, “the entire country was focused on poverty alleviation, 
and the most important task here was rebuilding the mud-walled houses. After a 
heavy rain of 40 days, our disaster relief team found one family huddled in a house 
whose earthen walls had been soaked. We begged them to leave before it collapsed 
on them but they refused. Finally, we had no choice but to force them out. As soon 
as we got them out, the sodden mud walls collapsed, with earth flying up in a small 
gray mushroom cloud.” 

But the dangers of mud-walled homes were not new to Tian Ye, who had grown 
up in one. “I remember that in one year of heavy rain, we were at my aunt’s house. 
My mother and brother returned home first but I stayed behind because of the rain. 
When they got home, the door of our mud-walled home collapsed. My mom was so 
worried that I would be crushed when I returned home so she stood on the table in 
the upper room and waited for me.” 

In 1994, Tian Ye’s father returned home one night and said to his wife, “Most 
villagers have built brick houses. Only we and one poor family still have mud-walled 
houses. If we don’t rebuild our own house, first, other people in the village will look 
down on us, and second, it really is unsafe when it rains.” 

“My father smoked all night, brooding over this,” Tian Ye recalled, “and then he 
rose at dawn determined to build a brick house, which he finished two years later. I 
was only 12 but I remember vividly to this day the pride I felt in our new home. Later, 
when I was in charge of poverty alleviation and helped people build new homes, I felt 
just as proud as I did when my dad finished our new home in 1996. No difference!” 
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No Roads, No Houses 


Tian Ye expected villagers to be grateful when he began implementing the county 
decree to replace the mud-wall death traps with safe, clean brick homes, but to his 
surprise he faced two problems. One, the people said they had no money to build new 
homes. Two, they did not really believe that mud-walled houses were dangerous. Tian 
Ye shook his head in disbelief. “We saw with our own eyes that mud walls soaked 
by heavy rain could not bear the weight and collapsed, but the people really could 
not grasp the danger, and did not want to waste what little hard-earned money they 
had on a new house. They did not see the point.” 

Tian Ye persisted. “The county says everyone must demolish the mud house and 
build a new brick home. The state policy and subsidy is very good now. If you don’t 
seize this opportunity, you may never have another opportunity like this in the future.” 

The people finally said, “Ok, Secretary Tian, we can build a house — but first you 
must build a hardened road to our village.” 

“T will definitely get you a cement road,” Tian Ye promised them, “but the timing 
is uncertain. Not this year, but definitely next year. Such a large project requires 
approval by higher authorities.” 

“No road, no house!” the people replied. “When the road is built, we will rebuild 
the house, but if we build a house with no road, we can’t come or go. It makes no 
sense.” 

Tian Ye admitted they had a point, and since Qianjin Village was the county’s 
largest poor village, he laid his neck on the line by promising, “I will definitely build 
your road.” 

The next time they had a big rain, Tian Ye brought county leaders to Qianjin 
Village. “As soon as they saw the situation firsthand, they agreed it was intolerable,” 
Tian Ye said. “They approved the road project and the people were happy.” Yet even 
with generous government subsidies, some people still could not afford a new home. 


If Son Doesn’t Care, Why Do You? 


“At that time, there was an elderly lady whose son did not help her because he’d had 
a conflict with his father. Her small Qing Dynasty mud-walled house had wide and 
very dangerous cracks, but she and her husband were both 68 years old and had no 
money for repairs. I urged them, daily, to rebuild, but the old man never let on that 
he had no money. He just shouted at me over and over, ‘I won’t do it. I just won’t do 
it!” 

At first, the man even cursed young Tian Ye, but as the villagers slowly came 
to know him and realized he was working hard to help them, the old man’s heart 
softened. He finally allowed Tian Ye inside their home and the young leader saw that 
the elderly couple indeed did not have a penny to their name. 
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“Don’t worry,” Tian Ye reassured him. “The government will subsidize it. If the 
money is not enough, I will ask the county’s poverty alleviation office for more 
money. Together that is over 30,000 Yuan — surely enough to build you a safe new 
home.” 

The old man replied, “I don’t want to trouble you. If this mud house collapses 
and I die, I die. If my own son doesn’t care, why should you?” 

Tian Ye was adamant. “I’m in charge of poverty alleviation here, so it is my duty 
to provide you a safe home. I promise you I will raze this old house and build you a 
safe brick house.” 

The couple finally agreed, and the villagers helped move their things to another 
house. “After I’d razed their dilapidated mud-walled house I reported this special 
situation to my superiors. The leader replied, ‘Make this a priority.’ So I found a 
construction team to build the new house. The construction boss said, “There is no 
profit in building this house,’ but villagers help gather unused bricks lying about 
— and that’s how we were able to build the elderly couple’s new home.” 

But when the house was finished, Tian Ye was still 10,000 Yuan short. Once again 
he traipsed to the county’s poverty alleviation office. After the leader had verified that 
the couple was truly destitute, he said, “We must be practical when we help the poor, 
and help those in the greatest need. This is truly a case of greatest need. Although I 
risk being charged with violation of discipline, I must allocate the money.” Tian Ye 
soon had the 10,000 Yuan to pay off the construction boss. 


No Place to Cook 


When Tian Ye took a deputy county magistrate in charge of poverty alleviation to 
inspect the complete house, he could see that the elderly lady had something to say 
to the magistrate, so he asked her what was on her mind. 

“T live very comfortably in this house, thanks to the government,” she said, “but 
there is no place to cook.” 

So Tian Ye promptly found another contractor and built a small kitchen next door. 

“In the first half of 2018,” Tian Ye said, “that same deputy magistrate visited our 
village again to see the conditions of the poorest people. In our village, the existence 
of safe housing is one of the key benchmarks of poverty alleviation. Since I had been 
in charge of poverty alleviation, I myself showed him some ordinary Qianjin Village 
homes; that way, if we did see any issues, I could deal with them directly.” 

The villagers were happy to see Tian Ye, who had finished his work in Qianjin 
and moved on to another village. “Later, when I went back to see them, they took 
my hand and said, ‘Secretary Tian, I haven’t seen you for half a year, have you been 
busy recently?’ Then they told me about their situations at home. Everyone seemed 
happy.” 

The last house Tian Ye visited was the elderly couple’s home. “As soon as we 
entered, she took my hand and said, tremblingly, ‘I feel like I may not live out this 
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year, but now that I can see you before I die, I am satisfied. You helped me solve 
such a big problem.’ 
The county magistrate asked her, “Do you have any other needs?” 


Dying Without Regret 


She said, “No, I asked for a kitchen; Secretary Tian has built it for me. It is enough 
that I can see Secretary Tian again this year, and I am satisfied. Even if I die soon, I 
have no regret.” 

“When she said this,” Tian Ye recalled, “the county magistrate looked strangely 
at me. Once back in the car, he asked me, “Tian, what are your thoughts on grassroots 
work?’ 

‘In grassroots work,’ I replied, ‘we must be practical, and seize every opportunity, 
because if we miss an opportunity, we may not easily find another chance to help 
the people. Our people are very good, but often we approach them the wrong way. 
Just like this old man — he has a bad temper, and at first would not even let me in his 
house. But after speaking with him many times, he finally understood I really was 
just trying to help him. So in grassroots work, if I can only find the right approach, I 
can definitely persevere.’” 

Tian Ye’s other village, Xinzhuang, was initially just as poor as Qianjin Village, 
but he had an easier time of it because the very capable village leaders had already 
persuaded the people to build new homes. But behind the mountain were two groups 
of people, all of whom lived in mud-walled homes on arid ground and were scheduled 
for relocation to fertile land. By the end of the 12th Five-Year Plan period, there was 
still no sign of moving them, so Tian Ye intervened. Like Qianjin Village, their 
biggest problem was no road, so he fell back on his proven tactic. “Every day, I took 
leaders to see the situation until they approved the project.” 


First—To the Doorsteps! 


Such a tactic worked, Tian Ye explained, because all leaders had to adhere to strict 
poverty alleviation guidelines and policies, and were held accountable to lift every 
family from poverty. “What leaders most fear,’ Tian Ye said, “is having even one 
village where poverty alleviation has not been done well, or roads have not been 
built. When I was building the road, a poverty alleviation office leader said in one 
meeting that because of tight finances, they would first build the main road but stop 
about 2 or 3 meters short of each house’s doorstep. But I knew that waiting until later 
to finish the last part to each house would be more wasteful and they might not find 
anyone willing to do such small jobs. So I told the construction boss, ‘First build the 
roads right to each households’ doorstep. Once you’re finished, if there is not enough 
money to continue, we will apply for more from the county.’ The construction boss 
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agreed, and the entire road system was built at one time. We were the first village 
in the entire county to have completed house-to-road access, and by 2018, we had 
renovated over 90% of old houses. Since then, other villages have seen our results 
and followed suit.” 

“It is obvious that villagers’ homes have changed a lot,’ I said to Tian Ye, “but 
has life changed in other ways?” 

“Great changes!” Tian Ye said, “Especially in food and other areas. I remember as 
a kid having only spinach and sauerkraut to eat in winter. Today, thanks to roads right 
to our doorsteps, even the poorest people can choose to grow their own vegetables or 
buy from markets. We can enjoy fresh vegetables every day and even meat anytime 
we want it. In the past, poor transportation made it difficult to eat meat. But with 
good roads, people have money. If you don’t want to prepare it at home, you can 
always go to town and eat in a restaurant.” 

“But how do they earn money?” I asked. 

“Now that we have convenient roads,” Tian Ye said, “ordinary people can go out 
to work and earn over 100 Yuan a day. Before we had good roads, even if they wanted 
to work, it took one or two hours just to cross the mountain; today, it’s only a dozen 
minutes’ walk to town. Good roads allow us to engage in aquaculture, and now we 
can easily transport cattle feed. Before roads, if you had 10 cattle to raise, you could 
not get the feed for them. Nowadays, even if you have 20 cattle, you have no problem 
getting feed or whatever else is needed. And the government has subsidies. If you 
raise a cow, or a calf is born, the government will subsidize it. The country’s policies 
are great, giving even ordinary people a chance to prosper. 

“And we encourage people to be entrepreneurial and take out business loans, and 
the government will repay the interest for them. With these loans, they can raise 
cattle or expand their cultivation at home. People have seized these opportunities, 
and those who once had two cattle now raise eight or nine. 


Roads Lead Out—And Back Home Again 


“Before we had good roads, people used to seek work far away to earn money for 
their families, but if you calculate it, you still have to eat and drink, so in the end you 
don’t really make that much. But nowadays many of them are returning home. We 
are very mountainous and can grow grass or corn, and after harvest, we can use the 
stalks as cattle feed. Many people raise more than six cows. If they sell just two cows 
a year, they earn 30,000 Yuan. If you go somewhere else to work, and don’t eat or 
drink for a year, you’ll still only earn 30,000 a year! Now you can earn just as much 
money staying home, where you can also help care for the elderly and children, and 
if you are tired, you can choose to take a break. There’s no need to go far afield and 
daily work yourself into the ground.” 

“T have one last question,” I said. “I called my wife last night to tell her I was in 
Ningxia, and she remembered that in 1994, we saw many people on the roadsides 
selling rats. Why buy and sell rats? Do you eat them?” 
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Tian Ye laughed. “They weren’t selling rats. They were exchanging them for free 
rat poison. When I was a kid my mom took me to town shopping and I too was 
puzzled about why people would sell rats.” 

“I haven’t seen people with rats this time,” I said. 

Tian Ye grinned. “That’s because all of the houses are brick now and rats can’t 
get in, so people rarely see rats in their homes.” 

Tian Ye was not exaggerating. Every village I saw had concrete roads leading to 
the very doorsteps of homes, all of which were brick. Although the houses were not 
large — the government subsidizes 10 squ. m per family member — they were safe 
and clean. And they weren’t just utilitarian cookie cutter brick boxes. Each home 
boasted a bit of decorative trim that gave it a simple but elegant Chinese flair. I later 
saw this same feature in remote minority areas, such as the land of the Lisu tribes in 
West Yunnan, where the government made people’s new houses more “homelike” 
by incorporating cultural elements into the architecture. 


No Longer just Frogs in a Well 


Tian Ye joined us as we visited Ningxia farmers and entrepreneurs, and a business 
center that Xiamen University had helped build. I marveled at the changes since 
1994, but I was most moved by the people’s spirit. They were happy, relaxed, and 
obviously quite proud of their newfound prosperity. I was especially delighted to 
have a chance to give a talk at a junior high school and afterwards take a group photo 
with the children. Their bright eyes and cheerful laughter were proof enough to me 
that Ningxia folks, young and old, have faith in their future. 

“Why do you think things have changed so much so quickly?” I asked one elderly 
farmer. 

“Well, the government knows our situation,” he said, “and the leaders care for us. 
Before we had roads, we were like frogs in a well. We could see only the patch of 
sky right overhead, and there was no escape. But now we’re free.” 

When the farmer asked to scan my WeChat contact, I thought back to 1990, when 
even in Xiamen, a coastal Special Economic Zone, I spent USD 450 to apply for a 
home phone and waited three years for it to be installed. Today, even farmers in the 
remotest corners of Ningxia, Gansu and Tibet have mobile phones, use WeChat, and 
buy and sell on Taobao. 

I was delighted to see Ningxia’s changes, and as we continued our journey west, 
we discovered that every corner of rural China had benefited from Beijing’s visionary 
anti-poverty program—thanks in part to the passionate persistence of young leaders 
like Tian Ye. 

I hope the world will someday better understand not only the Chinese Dream but 
also the dreamers who have made it a reality. And thanks to selfless teachers like Ms. 
Yan Guizhen in West China’s Jiayuguan, the dreamers’ children have even greater 
hopes for the future. 
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Chapter 7 A) 
Gansu’s Teacher Yan Guizhen I Love Cheak for 
Because I Was Loved! 


The Chinese have a profound faith in education. High and low and rich and poor are absolutely 
of one mind on this point, and if a boy is not sent to school, it is either because the parents 
are too poor, or because they have not sufficient authority over him to compel him to study... 
In the West there are many ways by which a man may rise to eminence... In China they are 
all narrowed down to one, and it is the one that leads from the schoolhouse. 


Rev. John MacGowan, Xiamen missionary, 1913 


Leading the Global Desertification Battle 


Photos from my first visit to the western end of the Great Wall show a land as yellow 
and sun-baked as the Great Wall itself, and it was probably just as desolate 1,000 years 
ago when camels trod this remote stretch of the Silk Road. The walls are still yellow 
in my 2019 photos but now set against a green backdrop. Even the city has a large 
forest, neighborhood parks, and landscaped roads. When I asked leaders their secret, 
they said, “We studied Israelis. They’re masters at recovering deserts!” 

But increasingly the world is turning its eyes to China’s own fight against 
desertification. 

The UN warns that global desertification is now 30 or 35 times historic levels, 
and a European commission warned that over 75% of land is already degraded and 
this could exceed 90% by 2050. Yet China, the most populous nation, has managed 
to green even as it has achieved unparalleled economic growth. And West China’s 
Jiayuguan is a model of how China has also tackled another global problem: unequal 
regional economic growth. 
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Coping with Unequal Regional Growth 


A leader in Warsaw boasted to me recently that Poland was Europe’s 7th largest 
economy and the only EU country to avoid recession during the financial crises of 
2008/09. While the statistics are impressive, I’d also talked to rural Poles to see 
the reality behind the statistics. Several said, “Yes, we read about our “economic 
miracle’, but only city people benefit from it.” 

Poland’s rural inland development lags behind urban and coastal growth because, 
as in other countries, companies must invest near the best infrastructure. The EU’s 
“economic miracle” of Poland still faces this problem even though it has been the 
largest beneficiary of UE infrastructure funds—some 208 billion Euros from 2013 
to 2020. If Poland struggles bringing prosperity to areas only 100 km from a city, 
China’s success in developing regions thousands of miles from the coast is all the 
more remarkable. 

China is nearly 31 times larger than Poland yet in three decades has built the 
world’s vastest highway, hi-speed train and internet networks—and China’s infras- 
tructure reaches not just cities and towns but even, as we saw in Inner Mongolia and 
Ningxia, the very doorsteps of mountain villages. 

I saw this firsthand when I revisited West China’s Jiayuguan in July, 2019. The city 
was not only greener than before but also as modern as cities in the east. Beautifully 
designed apartment buildings lined wide paved streets that were landscaped with 
shrubs, flowers and grasses illuminated at night by solar lighting, and the shops offer 
not only local specialties but products from all over China, as well as imports. 

But it was the adults’ and children’s cheerfulness and optimism that moved me 
most. They were both proud of their city and confident in their children’s future— 
probably because they have teachers like Ms. Yan Guizhen, a middle school teacher 
whose passion for education was kindled when, as a child, she was quite literally 
carried on the back of a teacher who was passionate about her. 

Jiayuguan citizens were delighted when Teacher Yan was chosen to represent them 
at the 18th National Congress in Beijing in 2012. She has inspired such devotion and 
passion in her students that during 15 consecutive years, 90% of them tested into 
college and 100% succeeded from 2002 to 2004. Three of her students scored the 
highest in the entire province. 

Yet in spite of awards and media attention, Teacher Yan remains indifferent to 
fame and fortune, living so frugally that even on her modest salary she has donated 
over 300,000 Yuan to needy students. But what led a young Manchu minority girl 
from N.E. China’s Liaoning at the opposite end of the Great Wall to devote her life 
to poor children in the far west of China? 
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Longing to Study 


Teacher Yan was born in 1962 in Liaoning to a poor rural family of 10, including 
parents, grandmother and 6 siblings. China had 800 million farmers, but much of 
their communal farms’ produce went to feed workers and soldiers in the cities, so 
farmers had little left for themselves. “We were very hungry when I was young,” Ms. 
Yan said. “But we were creative with potatoes! We ate potato soup, shredded potatoes 
— many potato dishes. Sometimes we’d get a little corn and grind it for porridge. We 
honored our elders by giving grandma the thickest portion and we children ate the 
watery bit left over.” 

Guizhen’s great escape was reading, so she was dismayed when her father told 
her to quit school to work the fields with adults and earn work points. “I longed to 
study,” she said, “but I obeyed my parents. But just at that time an official, Uncle 
Zheng, came to help our county. He said to dad, ‘Your daughter is too small for work 
but she’s a good student, so let her study.” 

“We have no money,” Guizhen’s father said, but he agreed when Uncle Zheng 
paid the tuition from his own pocket, though it still meant hardship for the family. 


One Room School 


“I was so grateful that I worked very hard. Though China was vast, Mao Zedong had 
made sure that every village had a school, however small. Our village had over 20 
students from grades one to six all in one classroom, but our teacher planned well so 
when she taught one grade the other five always had something to do — math, writing 
and drawing. Such was my education environment.” 

“Was it effective?” I asked, skeptical. 

“It was very good!” Ms. Yan said. “Nowadays, families have only one child and 
we are over-protective, with few outings lest students have an accident. But we were 
less constrained back then. Our teacher had over 20 students, aged 6 to 17, and she 
often took us on Spring outings. But it was a long trek to the mountains and at six I 
was so small I could not keep up. Yet instead of having me stay home, she carried 
me on her back! From first to sixth grade, she carried me on every spring trip!” 

“Her warmth moved me deeply and showed me that education needs love.” 

“Tve never heard of such devotion!” I said, “carrying a student six years!” 

“Yes, I feel emotional just talking about her. To this day, every time I return home 
I pay my respect at her grave. General Secretary Xi said a good teacher can influence 
a student’s life. My teacher influenced my entire life. Our rural area was so poor that 
we had no blackboard, so teacher Wang made one by fastening boards together and 
smearing them with ink. She exemplified the philosophy of Confucius, who over 
2,000 years ago said, “Education is for all!” She made sure every child had the best 
learning opportunity and never ignored a child because she was too small, or for any 
other reason. And when she saw I was so small that when I sat on a stool I could 
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not see over the table, she went right out and made me a stool with high legs. Then 
I could see! Those are some of my fondest childhood memories. But even in high 
school I was still blessed with a teacher who cared for me.” 


Decision to Teach 


Ms. Yan’s rural home was very remote and they were too poor for a bicycle, so many 
of her cousins dropped out of school. “But my dream was college, and escaping life 
in that poor valley. I'd rise before dawn on cold snowy days, eat my mom’s porridge, 
and take a bow] of it to school. At noon, when my high school teacher saw I'd carried 
this porridge 30 miles for lunch, he asked me, ‘After such a poor meal, how will 
you have energy to study? How will you ever make it to college?’ He left the room 
and returned a bit later with a large bowl of white rice, which he was allotted as a 
technical secondary school graduate. ‘Eat this,’ he said. ‘It will give you energy to 
study for university.” My eyes teared as I bowed my head and ate the rice given to 
me by a teacher who had such high hopes for a girl from a poor valley, and I vowed 
that I'd overcome any obstacles to become a teacher like my own teacher. 

“General Secretary Xi has said we should never forget our original aspirations. 
This was the source of my original aspiration to become a teacher.” 

After graduating from college in July, 1991, she returned to her poor county as a 
middle school teacher with a salary of 38 Yuan. She used 10 Yuan for living expenses, 
sent 10 to her mom and gave the remaining 18 Yuan to needy students. “The children 
were as poor in the early 1980s as I had been,” Ms. Yan said. “Many had no shoes or 
winter clothes or money for school fees. “So I passed on my teachers’ love for me 
to them by helping them by food or clothes or books.” 

As Ms. Yan taught school, she was caught up with Mao Zedong’s vision of a 
prosperous China. She watched patriotic movies, read patriotic books, and heard the 
call for youth to help distant areas, but they only wanted boys. “What about girls?” 
she thought. “If I get the chance and China needs me, I too will volunteer to teach in 
remote places. And I got that chance!” 

Teacher Yan glanced out the window at the beautiful buildings and landscape. 
“Jiayuguan today is very beautiful but it wasn’t this way 30 years ago. In 1958, Mao 
Zedong built one of the Northwest’s largest steel mills and when production restarted 
in 1985, they recruited engineers from all over China but they did not have teachers 
for their children. When I heard this, I told my parents I was going to the Northwest.” 

“Did your mother agree?” I asked. 

“No, she did not agree,’ Yan said. “My mom was herself a poor, rural woman but 
she had heard China’s far Northwest was even worse off. She’d heard they carried 
guns and was terrified that I’d be killed. 

‘Mom,’ I said, ‘there are steel mills, and if technicians and others can live there, 
I can too — and they badly need teachers.’ Mom finally agreed because she knew 
Pd made up my mind. But mom wasn’t the only one to try to dissuade me. My 
school’s principal and Party secretary didn’t want to lose me. I had joined the Party 
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and the principal had said that I was a good teacher and worked hard and he wanted 
to continue training me. But I persisted, saying the Northeast was full of talent but 
the Northwest needed teachers badly.” 


Journey to the West 


Ms. Yan rode the “hard seat” train for a full week, but she didn’t have the money for 
a seat so she stood the entire week, sometimes curling up under a seat when she was 
exhausted. She was hot and hungry, and so relieved to finally reach Jiayuguan, only 
to find it was vast and empty—no people, just Gobi Desert. 

“Jiayuguan had only two modern buildings for the steel company leaders and 
engineers; all other buildings were unbaked mud brick. But I was relieved to see 
the market had potatoes! At least I would not starve! And they had planted drought- 
resistant trees like poplars. If those trees could take root, so could I! 

“But what really motivated me to stay in the Northwest was the old man in his 
50 s who met me at the station on a rattling bicycle, its chain half falling off. He rode 
up the dirt road and said, ‘You are Yan Guizhen from the Northeast? Hop on!’ He 
dropped me off at the dormitory and then returned shortly with a kerosene stove he’d 
just bought for me and some noodles from his home. As he patiently showed me 
how to use the stove, I wondered who this old man was. I was shocked to learn from 
other teachers that he was Director Zhang of the Jiugang Education Department—the 
very leader who had sent the ‘help wanted’ notice across China! It turned out that 
he personally cared for every new teacher in the same way. At that very moment, I 
knew in my heart that the second half of my life would belong to the Great Northwest 
and its children because they loved and valued teachers. That is how Director Zhang 
moved me. But I also learned that he was a very selfless Party official. 

Although Director Zhang’s salary was only a few hundred Yuan and he had three 
children, he spent little on himself. He knew life was hard for the teachers from other 
parts of China so he often dropped by to see what they needed and he’d buy it for 
them, or buy nutritional supplements for a sick child. “If a student lacked school 
fees,” Yan said, “he’d pay them from his own pocket. He was my role model!” 

Only after Director Zhang’s retirement in his 70 s did she learn the true extent of 
his sacrifices. 


Generous to Others, Frugal with Self 


When Ms. Yan visited Director Zhang in his home in 2009 she was shocked to find 
he was terminally ill and living in very poor conditions. “He should have made at 
least 2,000 Yuan a month by then. He was in his 70 s and his son was married. Yet 
his bed was just boards placed across two stacks of bricks. I felt so badly that I 
wept. “Director Zhang, why sleep in such a bed? Had I known, I would have bought 
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a comfortable bed for you!’ He had been so generous to others but so frugal with 
himself. No wonder the common people love and support our leaders. Director Zhang 
was my role model, and his influence and teachings, etched deeply within my heart, 
reinforced my desire to commit the rest of my life to the students in Jiayuguan.” 

“I can see what has led you to give so much to others,” I said, “but what does your 
husband think about you giving away all your money to the poor?” 


Like-Minded Husband 


“We two are very like-minded!” she said. “He is a technician from Shaanxi who was 
recruited to help but he also had a bitter childhood. His father died of cancer when 
he was only nine, leaving his widowed mother with four children. So he understands 
these children really need help and he is completely supportive. 

“Some students’ fathers have died so I organized students to help the needy mother. 
Salaries were very low, so donations totaled only 800 or 1,000 Yuan, but the gesture 
was powerful and gave the children and mothers hope. And I’ve urged needy children 
to aim for college and overcome obstacles so that one day they will find good jobs 
and then can serve their country and help their parents.” 

As Ms. Yan’s salary increased over the years, she helped more and more children. 
When children scored well on the entrance exam for college but could not afford to 
attend, she’d help cover the costs and had no qualms borrowing the money when her 
own funds ran short, and put them on the train herself. Yan smiled broadly as she 
showed me photos of students. “To me, every student is like my own child, and when 
I see them leave on the train, I know this will broaden their horizons and their lives 
will be wonderful.” 


Lady in Green 


Ms. Yan was the “Lady in Green” during the 1990s because she wore the same dress 
for five or six years. “Man-made fibers don’t wear out easily!” she said, laughing. 
“Parents looking for me at school were told, ‘Look for the lady in green clothes!’ 
But I was happy to have any clothes, and to eat plain steamed buns and gruel. Some 
female teachers had 1,000 Yuan of cosmetics but I was happy with a 1.5 Yuan sack 
of Yumeijing. In this way, I saved over 300,000 Yuan to help give children a way 
forward and hope. More than that, I gave them power.” 

Over time, Yan’s story was reported by the media and she was given local and 
national honors with prizes that eventually totaled over 500,000 Yuan. “But I kept 
none of them,” she said. “I gave it all back and asked them to help needy or sick 
women and students.” 
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200,000 Yuan Teacher’s Day Award 


Teacher’s Day 2012 was especially memorable. When told she’d receive an award, 
she declined to attend the ceremony. “I’d already received too many awards and 
wanted them to recognize young teachers, but the Education Bureau insisted. After 
the leaders’ speeches, Secretary Zheng gave me a big trophy, a child gave me a 
bouquet of flowers — and they gave me a large sign with many zeroes on it — a prize of 
200,000 Yuan for the Promote Jiayuguan City Basic Education Special Contribution 
Award.” 

Yan was astonished. “Secretary Zheng, you can’t give me so much money. I’ve 
not done anything worth that!” 

Secretary Zheng replied, “Your contribution to Jiayuguan has been far too great. 
This is the city’s award to you.” 

“I cannot take personal credit for my work,” she insisted. “It is the result of the 
Jiayuguan government’s many years of education support and the selfless dedication 
of over 2,000 educators, and the hard work of countless parents and students. This 
award belongs to the city of Jiayuguan — so I will use the entire 200,000 Yuan for 
something special.” 


Yan Guizhen Charity Education Foundation 


Thunderous applause followed her speech, and afterwards many people asked what 
she’d do with the money, but she really had no idea until someone suggested she start 
a foundation so she could help even more children. She shared this idea with Mayor 
Liu when he visited her home at Chinese New Year, and he gave the foundation a 
name, “Jiayuguan Yan Guizhen Charity Education Foundation”. 

From that March, every day after class Ms. Yan visited departments, factories and 
neighborhoods to collect donations. “In March, Jiayuguan sandstorms are so strong 
the sky is dark, and I could barely pedal my bike against the wind, but I persisted. 
Two institutes each promised 100,000, and in July she told the Civil Affairs Bureau 
she wanted to start a foundation, only to learn the minimum was 2 million Yuan. 

“Don’t worry,’ Mayor Liu said. “Raise what you can and the government will 
provide the rest.” But Yan knew the mayor had enough pressure already and 
determined to resolve the problem herself. 

“At that time, our director of Civil Affairs, a former soldier named Wang, hit upon 
a brilliant solution. “Don’t change a word of the foundation’s name, but make it an 
association instead of a foundation. An association only needs 30,000 Yuan.” 

As Yan collected the required 50 signatures from 50 units, she was humbled by 
the people’s reactions. “Grandfathers selling fruits and aunties selling drinks said I 
was doing a good thing and tried to give me their fruit and water for free, but I threw 
the money at their stalls and raced off. They needed the money themselves. Even 
taxi drivers wanted to take me on trips for free. 
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“Don’t you feel like you’re begging?” someone asked her. 

“Not at all!” she replied. “So many children still need help that I have no 
embarrassment going door to door!” 

Ms. Yan obtained the 50 signatures in only two days. “That journey was the most 
unforgettable experience of my life,” she said. “I saw that when you do good, people 
will help you.” 


Reaching Beyond Jiayuguan 


The association paperwork was completed in August but there were so many needs in 
the community that Ms. Yan decided to strike while the iron was hot and raise more 
funds. She was overwhelmed by the response. By October 21, 2013 she’d raised 3.28 
million Yuan, but then she had children from areas near Jiayuguan ask for help with 
surgeries. 

“This association was formed for Jiayuguan children,” her associates said. “If we 
help children of other places, we’ll run out of money quickly.” 

“I did not listen,’ Yan said, smiling. “I donated 30,000 Yuan for the children’s 
surgeries, and then raised tens of thousands more.” 

“One of my own students got leukemia when he was 18 and the doctor said he’d 
live only three months if he did not have a bone marrow transplant, but his parents 
could not afford the medical care. After her own school’s 3,000 teachers and students 
donated over 90,000 Yuan, the Education Bureau encouraged all teachers and students 
to donate. Even grandmothers in their 80 s heard of the need and donated from their 
pensions, and 2- and 3-year old children gave money through their mothers. Within 
two weeks, we’d raised 579,000 — just shy of the 600,000 the child needed. This was 
amazing for such a small city. Jiayuguan is truly a city with great love. 

“So what happened to the child?” I asked. 

“The disease was cured!” Yan said. 


Afterwards 


I was deeply moved by Ms. Yan’s story, but her devotion to education and her selfless 
generosity are not new to China. Even villages near my home of Xiamen have stories 
of poor children who centuries ago showed potential, and their studies were funded 
either by wealthy merchants or by the poor farmers who pooled their resources. 

I gather that China has survived the ages precisely because Chinese have always 
valued education and built their society and government upon it—and education is 
China’s future as well—even in the most remote regions of the planet like Tibet, 
where people like Liang Nanyu are even bringing life to the Dead Zones. 
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Chapter 8 A) 
Mr. Liang Nanyu: Bringing Life geai 
to Tibet’s Dead Zone 


Isaw why Tibet is called the “Roof of the World” when our family crossed the 5,231 m 
Tangula pass into Tibet in 1994. The roiling dark clouds that had just unleashed a 
hailstorm were so low that I felt like ducking as I stopped to photograph Tibetan 
prayer flags whipping in a bone-chilling wind—and it was August, the warmest 
month. 

I had a migraine from the lack of oxygen and I sucked air like a fish out of water. 
I couldn’t wait to get to Lhasa, another two days’ drive down the mountains, which 
at 11,995 feet is lowlands by Tibetan standards. 


Clinging to Life in the Dead Zone 


This area at 5,000 m above sea-level is called the “Dead Zone” because little 
survives—no trees, few plants, not many animals. So imagine my surprise to learn 
that some Tibetans actually live at such elevations—though they don’t live long. 

Fiction and Hollywood have romanticized Tibet as a Shangri-La inhabited by 
long-lived mystics but the reality is less idyllic. Although the average Tibetan lifespan 
has almost doubled from 35.5 years in 1951 to 68.2 years today, that’s short of the 
national average of 76.4 years or Beijing’s 82.15 years. And 700 km north of Lhasa 
in Shuanghu County, which at 5,000 m is the world’s highest county, the average 
lifespan is only 58—almost 20 years less than the national average. 

I was surprised that even Tibetans could cling to life in such hostile conditions, 
but utterly astonished that a Han Chinese, Mr. Liang Nanyu, would also choose to 
live in the same conditions and sacrifice his health to help lift the Tibetan nomads 
from poverty. 
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No People Left Behind 


Given that locals say there are only two seasons, winter and almost-winter, it is no 
surprise this is China’s least populated area. “It has only 14,398 people in a place the 
size of South Korea,” Mr. Liang said. “One person for every eight squ. km — that’s 
like having only eight people within the entire second ring road of Beijing.” But 
even such a remote and unpopulated area as Shuanghu has not been overlooked by 
China’s anti-poverty campaign which for decades has stressed “no one left behind”. 

In the summer of 2016, Petro China sent the 39-year-old to Shuanghu County 
as part of a Central Government partnership assistance program started in 1994 for 
cities and provinces across China to help targeted Tibetan cities and counties. And 
in spite of daunting challenges, Mr. Liang has brought such radical improvement to 
healthcare, education and environmental protection that during the October, 2019 
national survey of poverty alleviation work, Shuanghu County was ranked among 
China’s Top 19 counties. 

“Does your wife mind you being here for so long?” I asked him, “or that you 
asked to stay another three years?” 

“She doesn’t stop me,” he said, “but she doesn’t really understand, and wants 
me to come home. And my parents aren’t supportive. My family worries because 
this altitude affects even Tibetans’ health, I have an enlarged heart, insomnia, poor 
memory. I took sleeping pills last night just to make sure I was wide awake when I 
met you. Before Tibet, I slept very well. For the first two years here, oxygen helped 
me sleep. After two years, nothing helps. Now I can’t sleep anywhere, even when 
visiting Beijing, and there is no cure.” 

“So why not return to Beijing?” I asked. 

“This year, 2020, is a crucial year,’ Mr. Liang said. “This year China eliminates 
absolute poverty, but ’ve only completed about 80% of what needs to be done. If 
someone replaces me, they may not understand the situation as I do, or their health 
may fail. If they do persevere, they may not do as well as I would have. So I must 
stay a little longer to ensure things are finished correctly.” 

As Liang shared his creative anti-poverty strategies, including urban guerrilla 
education and eco-nomads, I also suspected it would be hard to ever replace such a 
man. 


Understanding the Terrain, Sun Zi’s Art of War 


As soon as Mr. Liang arrived in Shuanghu in 2016, he visited every village to under- 
stand its unique problems. He quickly realized his greatest challenge problem that 
was insurmountable: altitude 

“Most Beijing people get altitude sickness even in Lhasa,” Mr. Liang said, “but 
Shuanghu is so high that in Lhasa I feel like I’m back at sea-level. Just walking in 
Shuanghu feels like carrying 30 kg or 50 kg of rice down on the plains. When I first 
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arrived in Shuanghu, my legs felt rubbery. I could not walk and talk at the same 
time and had to stop walking to answer the phone or I’d have no breath to talk. And 
if talking was difficult, thinking was even harder, especially when trying to lift the 
poorest place in China from poverty.” 

I suspect Mr. Liang was being modest because he quickly came up with an ambi- 
tious and successful three-prong attack on medical care, education, and industrial 
development balanced with ecological protection. 


Step 1: Health then Wealth 


Mr. Liang began with health because, as he somberly recounted, “I saw two babies 
die the first time I went to the countryside. One lived one day, the other lived seven 
days. Death is a tragedy in the rest of China but Tibetans are used to it. The nearest 
good hospital was in Naqu, seven hours away on 550 km dirt road. Something had 
to be done. Only with good health can you prosper.” 

Infant mortality was high and adults suffered from debilitating but treatable prob- 
lems such as appendicitis. Petro China had sent a medical team each year since 2009 
but they only treated common problems. Shuanghu County did not have one resident 
doctor and even midwives had little training. “A 32-year-old village doctor named 
Gangla admitted that her delivery technique was simply to wait and see if the child 
survived.” 

Although Gangla was illiterate and spoke little standard Chinese, she was 
desperate to learn, so Mr. Liang sent her as part of a team to a Lanzhou hospital 
for training. Six months later, the hospital’s director of gynecology praised Gangla, 
whom he said was always on call day and night, and even slept in the hospital rather 
than her hotel room because she wanted to observe all she could. When Mr. Liang 
visited her, Gangla showed him a small sheet of paper on which she’d summarized 
her work. “I was so touched,” he said, “because in just six months she’d taught herself 
Chinese characters! I asked why she was so desperate to learn, and she said, ‘Because 
I’ve seen this really saves lives.’” 

After forming a medical team, Mr. Liang needed equipment. Petro China donated 
1.125 million Yuan for a ventilator, laparoscope and other equipment but Mr. Liang 
also discovered that the hospital warehouse had unused equipment such as an anes- 
thesia machine manufactured in 2009. The factory demanded 45,000 Yuan to install 
the 200,000 Yuan machine, “so I pored over the manual and I installed it myself,’ Mr. 
Liang said. “Now we had medical workers and equipment, but no patients because 
no one wanted to be first! Death from natural childbirth is acceptable; it is natural. 
Death under a scalpel is not natural.” 

On August 23, 2017, a pregnant Tibetan showed up at the hospital, desperate 
because the baby’s umbilical cord was wrapped around its neck. They finally had 
a chance to prove the value of modern medicine—but the medical team got cold 
feet and argued for hours. “We had no blood bank, our hands shook from oxygen 
deprivation and even the equipment had altitude sickness. Machines would not turn 
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on or gave faulty readings. Voltage fluctuated, and some equipment had never been 
inspected — including the machine Id installed myself. But I felt we had no choice. 
It had just rained and snowed and the 220 km dirt road to the city hospital was a 
quagmire. The bumpy seven hour ride would probably kill both mother and child, 
and Lhasa was over twice as far.” 

“Send her anyway,’ one person said. ‘If she dies on the way, it isn’t our fault, but 
if she dies on the operating table, the people will blame us.” But just then a nurse 
dashed in. “She’s having contractions!” 

“T was relieved,” Mr. Liang said, “because if we sent her out now, she’d certainly 
die. They had to operate.” 

This was not only Shuanghu County’s very first medical operation but also the 
world’s first emergency cesarean section at such an altitude. News spread like wildfire 
that doctors would remove a baby from its mother’s stomach and people crowded the 
operating room’s doorway to watch. Mr. Liang squeezed in with the crowd, waiting 
worriedly. “I felt more anxious than when my own child had been born eight years 
earlier!” he said. “One doctor said to me, ‘Don’t worry. It’s not a big problem.’ But 
later, he admitted to me that he’d been very nervous! The doctor’s hands shook so 
badly from lack of oxygen that he inhaled oxygen as he operated. But at 8:33 we 
heard a baby’s cry. I will remember that voice all of my life.” 

The six-pound baby’s excited grandparents placed a long white Tibetan scarf 
around each doctor’s neck and thanked them and would have named the baby after 
Mr. Liang but he told them that was inappropriate—that they should name it after 
the doctor. So little Pasang Norbu was also given another name, Huo Dangsheng, 
Huo being the doctor’s surname and Dangsheng, “Party kid”, as thanks to the Party’s 
saving the mother and child. 

“Actually, two babies were born that day,” Mr. Liang said. “Today, they are 2 and 
a half years old and those doctors still look after them! They are doing great!” 

The babies’ birth was a turning point in Mr. Liang’s relationship with Tibetans. 
“Before that, we felt some ethnic distance, but now we are indescribably close. When 
I return from trips, they grin and say, ‘Youre back!’” 


Step 2: Guerrilla Warfare Education Strategy 


After health, Mr. Liang’s second priority was education. Tibet had free compulsory 
education but enrolment was low. “Shuanghu people are nomadic and don’t see 
the benefit in education,” Mr. Liang said. “In most of China, people may measure 
worth by houses or cars, but herders count sheep, and their big goal is to enlarge the 
flock. Families stay together, young and old, to keep flocks large, and the purpose of 
children is to tend the flock — but a child with an education is a ‘sandwich’ trapped 
between two worlds. 

“If a young student tests into high school or college and leaves Shuanghu, he has 
a future, but if he fails, he won’t herd sheep, so he is a burden on both family and 
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society. So telling parents that education was good didn’t help. We had to show them, 
so I used guerrilla warfare education. 

“T used two tactics. The first was ‘Borrow chicken to lay eggs.’ Our teachers were 
not that good so we sent twelve children to Lhasa Beijing Elementary School. We 
were deeply moved when, within only half a year, one child was already in the top 
ten. This proved their problem was not motivation but environment. Photos taken of 
these children six months after moving to Lhasa show their bright, smiling faces. 
Their studies improved, their mental outlook changed, and when they returned home 
they had a very positive influence on their hometown.” 

Mr. Liang’s second strategy was cultivating self-reliance. He said, “We could only 
send out a few students so we had to cultivate self-reliance, but we needed to improve 
the teaching. Our 215 teachers, mostly young Tibetans right out of college, have one 
thing in common: their level is not very high. If they were of high level, other schools 
would have grabbed them. They continue to teach in Shuanghu only because they 
get a livable income, but after teaching day in and day out, knowing they’ll never 
see the rest of the world, they lose hope. Education has no hope unless teachers have 
hope. 

“Compulsory nine-year compulsory education for all children is good, but this is a 
flood strategy. To really change things, we had to concentrate our attack like guerrilla 
warfare, focusing our strengths to break through one point with a ‘surprise education 
attack’. We put good students with good teachers — but how could we improve the 
teachers? So we held a meeting and asked the teachers, “What exactly do you want?’ 

“To motivate people, you must first know what they want. I thought they’d 
want money, bonuses, special recognition. But they desired only one thing: to leave 
Shuanghu. So in 2017 we set a policy that if a child was admitted to a Tibet class in 
another province, the teacher would receive 30,000 Yuan and we’d help the teacher 
transfer out. By 2018, we already had three students pass the entrance exam for 
college — a small number but it had a powerful impact. Many came to the ceremony 
and saw the proud parents wearing their red ceremonial flower. From that time on, 
education has improved!” 

Hopefully, those teachers who had initially planned on leaving are now encouraged 
by their students’ success to continue on in Shuanghu. 


Step 3: Industrial Development (Eco-Nomads) 


Mr. Liang’s third tactic was to develop industries according to local conditions. 
Shuanghu was still one of China’s most impoverished counties, with 21.9% still 
below the poverty line—far higher than the national average of 1.7%. “If quality of 
life is considered,” Mr. Liang said, “these would be the poorest people in all China.” 

Sustainable poverty alleviation requires a shift from aid to self-reliance, so after 
careful research, Mr. Liang focused on three pillar industries: brine shrimp eggs, 
tourism and livestock. 
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Since the 1990s, Shuanghu County’s Xiangcuo Lake’s brine shrimp eggs have 
been one of the county’s main sources of income, but local workers’ and officials’ 
ignorance of the market allowed unscrupulous buyers to create de facto monopolies 
and force unfairly low prices. To break the monopoly, Mr. Liang proposed transparent 
and fair bidding. But from 2017 to 2018, not only the bidders and buyers but Mr. 
Liang himself received anonymous threats. Mr. Liang pressed on. 

In 2019, Mr. Liang e-mailed each bidder to explain the strict requirements to keep 
the process open and fair, and if worst came to worst, promised that the government 
itself would buy the brine shrimp eggs at a fair price. His hard work, attention to detail 
and absolute refusal to be intimidated paid off. The eggs earned an unprecedented 
price. 

In September, 2018, Mr. Liang used a 13.8 million Yuan donation from Petro China 
to build a 10-acre brine shrimp egg processing plant in Naqu. Processing the eggs 
locally helped the community recover profits formerly taken by many middlemen, 
and over twenty formerly impoverished herders now each have salaries exceeding 
6,000 Yuan per month. 

Mr. Liang also helped create brands of local health foods and specialties after 
researchers found that Shuanghu brine shrimp eggs are rich in unsaturated fatty 
acids such as EPA (eicosapentaenoic acid) which play an important role in human 
health. “Highland Hailing Brine Shrimp” health food has now completed the pilot 
test and will soon be available nationwide 


Eco Nomads 


One of Mr. Liang’s greatest challenges was protecting the environment without 
uprooting Tibetans from their traditional herding lifestyle. “Ecological protection 
is even more important here than other parts of the world,’ Mr. Liang explained. 
“The Dead Zone has no trees and few plants. Our grass is nothing like yours in 
Xiamen, which is lush and must be cut often. If we remove one shovel of grass 
here, it will take decades to grow back. Desertification would be a disaster for the 
great rivers that start in Tibet. But Tibetans cannot understand how grass is far more 
valuable than their herds. Their cattle and sheep are worth some 510 million Yuan 
but the grassland’s value is incalculable — even more than 51 billion Yuan. If it were 
just economics, we would simply kill the cattle and sheep and relocate everyone. 
That would be easiest, but it would not be right. To protect the ecology while still 
respecting Tibetan’s ancient traditions we sought a middle ground.” 

Mr. Liang hit on the idea of “collective herds”, with families pooling their herds 
together and receiving shares for each animal. Now they knew exactly how many 
animals they had (before they were never quite sure), grazing all of them together 
helped avoid overgrazing the fragile meadows, and it solved a deeply rooted cultural 
issue. “Many would not sell for slaughter an animal they had raised themselves, but 
in a collective, it’s not clear whose animals belong to whom, so they’re fine with 


Eco Nomads 65 


selling them! Last year, our herdsmen’s per capita income exceeded 9,000 Yuan, 
with about 8,000 of it from the dividends on cattle and sheep that were sold.” 

For the first time, these Tibetans now have money for a more varied and nutritious 
diet than just mutton, beef, tsampa (roasted barley) and buttered tea. But, ironically, 
the improved environment has created new problems. The number of wild donkeys 
has grown, and since they’re a nationally protected animal, Mr. Liang is searching 
for ways to scientifically balance the population. 


Shuanghu Person, but “Three Fears, Three Sames” 


Mr. Liang now says that he is not a visitor or passing through but a Shuanghu Person, 
but even so he admits to still sharing the same “three fears” and “three sames” that 
beleaguer other anti-poverty officials. 

The “three fears” are loneliness, nights and estrangement. Mr. Liang fears the 
loneliness of weekends on the vast, sparsely populated land; he fears nights because 
the lack of oxygen keeps him awake; and he fears estrangement from his family 
— especially his daughter, who is growing up without him. 

The “three sames” are “sleep”, “eating” and “appearance”. Sleep deprivation 
leaves him lying in bed with eyes closed but not asleep, or drifting off by day with 
eyes wide open. Mr. Liang also tires of eating the same simple food day in and 
day out. “I have no appetite.” And the lack of sleep and appetite has affected his 
appearance, his face haggard, clothes rumpled. 

“So why not flee the Dead Zone?” I asked. “You’ve already done so much.” 

“This is a critical period,” he said. “We must grit our teeth and stick it out for the 
sake of those who’ve put their trust in us — the Party, Petro China (which since 2016 
has donated some 390 million Yuan for 113 projects), and the people of Shuanghu.” 

Although Mr. Liang has been recognized for his work, he knows that the remaining 
work, such as improving tourism or preventing people from sliding back into poverty, 
may be even harder. 

“This is a long-term process that requires perseverance,” he said. “Tibet is far 
more complicated than I imagined. For many people, Lhasa is Tibet, but most of 
Tibet is far different. Tibet is vast, and varies greatly. We thought we could duplicate 
what we did in Lhasa in Shuanghu but it was simply impossible.” 

“What is left to be done?” I asked. 

“The initial focus was hardware,” he said. “Infrastructure is much better, but we 
paid a huge price for it. We spent 930 million Yuan paving the 220 km dirt road to 
the Naqu hospital, and spent 320 million Yuan — some 100,000 Yuan per person — on 
solar power for 3,000 people. There is no economic benefit with such few people. 
We do it so they can have light at night. But hardware is okay now. Going forward, 
our focus must continue to be the software — health, education and industry.” 

“And you insist on going forward?” I asked. “What drives you?” 

“One of my teachers started me on this path,” Mr. Liang said. “Zhang Huan, an 
academician, was director of my postgraduate period, and on his 80th birthday, he 
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gave a lecture instead of a party. He shared how, as a student in 1937, he heard the 
Japanese’ first bombs hitting Jinan, Shandong. The school relocated to four campuses 
in Sichuan, but they were often hungry and sick, and so many students died that they 
called the cemetery the ‘Sth campus.’ Mr. Zhang visited the 5th Campus every few 
days to pay his respects to his departed classmates. 

“The most exciting day of Prof. Zhang’s life was when he heard the Japanese had 
surrendered. He cried at the recollection and we students were deeply moved. Prof. 
Zhang then shared how China had overcome so many problems, and he said, ‘You 
are all well- off now, but no matter where you go, remember my words: give back to 
your country. Do something. This is my advice to you as a teacher.’ 

“Prof. Zhang Huan died in October 2019. Today, Beijing life is very comfortable, 
but a good life can have real value only when it is good for everyone in China. It is 
very easy to enjoy a blessed life in Beijing, but this is the age to do something! Maybe 
in the next age you’ll want to do something like this but will have no opportunity. 
Tibet is China’s last place to eradicate poverty, and Shuanghu County is the last place 
in Tibet. It makes sense for me to do this work and it is worth doing.” 

Mr. Liang went silent for a few moments, and then added, “I will stay in Shuanghu 
until I finish my work. And if one day the Tibetans say, ‘You are no longer needed,’ 
that will prove my work is finally done.” 


China’s 5th Great Invention at Work 


After hearing Mr. Liang’s story, I’m amazed that a man who majored in economics 
and automation would have the creativity, versatility, and sheer commitment to effec- 
tively tackle such disparate problems — health, education, development and ecology. 
The more people like Mr. Liang that I meet, the more I’m reminded of the classical 
Confucian scholar-bureaucrats who for over 2,000 years met the needs of China’s 
vast population by tackling every problem from farming (bio-pesticides 2,000 years 
ago), medicine (smallpox inoculation 1,000 years ago) to weaponry that could have 
subdued the world 1,000 years ago had the Chinese such ambition. 

I’ve researched ancient Chinese inventions for years and I suspect the list is 
endless. But I increasingly agree with the English politician Eustace Budgell who, 
in 1731, said that the whole world agreed that of all Chinese inventions, the greatest 
was the “Art of Government”. 

Mr. Liang and many like him are living proof that modern Chinese are just as 
capable and committed as their polymath predecessors, and that China’s “Sth Great 
Invention” is still at work. 

And that work is bearing fruit in the lives of people like Yixi Danzeng. Xiamen 
University’s first Tibetan student and now a professor at Tibet University in Lhasa, 
Yixi Danzeng shared with me a Tibetan man’s Chinese Dream. 
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Chapter 9 A) 
Yixi Danzeng: A Young Tibetan’s rie 
Chinese Dream 


Quality education is pivotal to alleviating poverty, especially for minorities isolated 
by geographic, cultural and language barriers, and since Liberation in 1949, countless 
Han Chinese have volunteered to teach in the most challenging regions. But if poverty 
alleviation is to be sustainable, education, like economy, must also emphasize “blood 
production, not blood transfusion”. Yet training and retaining excellent indigenous 
educators is easier said than done. 

Mr. Liang Nanyu discovered in Shuanghu, Tibet that the best teachers are recruited 
right out of college by the best schools, and those who ended up back in remote 
schools have but one goal: “Get out.” 

Ican’t blame these youth who’ve caught a glimpse of the world outside for wanting 
a better life, but how can China kindle within them a vision and passion for helping 
their own people? 

Fortunately, it’s getting easier to lure youth back to their rural homes thanks to 
vastly improved rural infrastructure, education, healthcare and business opportuni- 
ties. Twenty years ago, China boasted about “Garden Cities”; today, Garden Coun- 
trysides are helping slow down urbanization as youth return to seize the growing 
opportunities right at home. But even with better environments, it is still a challenge 
to get excellent minority teachers to return home—which is why I was so impressed 
by Yixi Danzeng’s passion for Tibetan children’s education. 


Xiamen University’s First Tibetan 


Yixi is from a tiny Tibetan village but he had the world at his fingertips as he studied 
in Beijing, Xiamen, the U.S. and Singapore. But unlike many people, his success 
gave him a deep sense of responsibility, not of entitlement. He rejected lucrative 
opportunities in China and abroad to unwaveringly pursue his goal of improving 
Tibetan education and “helping build my homeland”. 
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Id like to think that Yixi’s dedication to Tibetan education was reinforced by his 
time at XMU, where he was the first Tibetan student. Yixi said the faculty moved 
him by their “spirit of gratefulness, responsibility and dedication”. Yixi also learned 
how XMU graduates have for 70 years volunteered to teach in the most difficult 
circumstances in Tibet—people like Ms. Ye Xueyin, now 91 years old, who began 
teaching in Tibet in 1950 after graduating from XMU’s biology department. 

When I met Yixi in Lhasa, he looked more like an undergrad than an associate 
professor of Tibet University teaching English and comparative studies on Chinese, 
Tibetan and foreign languages and cultures. He wore a baseball cap and t-shirt and he 
grinned as he showed me a 15-year-old copy of my “Amoy Magic” guide to Xiamen. 
“This is how I learned about Xiamen!” he said. 


Giving Back to the Motherland 


It was hard to believe that he did not start learning Chinese until age 13 at the Beijing 
Tibet Middle School. And after mastering standard Chinese, he began to learn English 
and majored in English at Xiamen University. His English was so flawless, right down 
to mannerisms and gestures, that we conducted our entire conversation in English. 
No wonder so many people want to recruit this talented youth. 

“After my graduation from Xiamen University,” Yixi said, “I had opportunities to 
stay in Xiamen.” Friends running a business asked me, “Do you want to join us?” 

I can’t believe Yixi wasn’t at least tempted. After all, many Chinese dream of 
living on our garden island, which even the UN has said is a world class livable city. 
But Yixi had a higher goal. 

“I was sent to study in other provinces because of the relatively higher level of 
education,” he said, “so I thought I should return to Lhasa and use my education here. 
After four years in Xiamen, I returned to Lhasa to work at Tibet University. Three or 
four years later, I had the chance to study in the U.S. so I spent two years at Kansas 
University getting my master’s degree in higher education. Those two years were a 
good experience in understanding American culture and getting to know a little bit 
about Western culture in real life.” 

Yet Yixi was as single-minded in the U.S. as he’d been in Xiamen. A soon as 
he finished his first of two masters, he packed his bags, said no thank you to the 
American Dream, and returned once again to continue teaching at Tibet University. 

In 2016, Yixi went to Singapore Nanyang Technological University to get his 
second master’s degree. “I stayed there for one year and then returned to Lhasa again 
to continue teaching at Tibet University. This is a very short story of my journey of 
education.” 

I was astonished that this youth from a tiny Tibetan village had foregone so many 
opportunities to keep returning to Tibet University, but in his eyes he gave up nothing 
at all because the more he learned about the rest of the world, the more he appreciated 
being Tibetan. 
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Deeply Rooted in China 


“T think this experience of studying in Tibet, in Beijing, and in America and Singa- 
pore, gives me this feeling of being deeply rooted in the Tibetan culture, as if I was a 
tree. But now I have two very strong branches. One is embedded in Chinese culture, 
and the other is maybe a little bit in Western culture. So I see myself like this tree.” 

Yixi is determined to use his education to help Tibet because he does not take 
his opportunities for granted. Although privilege gives many people a sense of enti- 
tlement—I deserve even more—Yixi’s privileges have given him a deep sense of 
gratitude and a responsibility to pass on the good fortune that he’d have missed had 
he been born a generation earlier. 

“Tve seen the changes in education over the years and, frankly, if it was twenty 
five years ago, I don’t think a young guy like me from a common family would have 
the kind of opportunities I have been given to obtain such a rich education. And, you 
know, it was all free tuition!” 

Yixi smiled broadly as he shared his vivid memories of Xiamen University. 
“Because I was a minority, and their first Tibetan student, Xiamen University looked 
after me very well and sometimes even gave me small gifts. I had to return to Lhasa 
a few times and the university even paid for my journey. That gave me very strong 
feelings for Xiamen. To this day, every time we have a visitor from Xiamen, I feel 
like they are a relative because I spent four years in Xiamen and have a lot of friends 
there. This was an important episode in my life.” 


New Life Through Education 


Yixi credits his education opportunities to the rapid changes in Tibet. “Education 
transformed my life because I was from a very common family in a very small 
village. But then I got all of those opportunities to study in so many big cities, and I 
returned to take this chance to contribute to my community.” 

“Do you have many siblings?” I asked. 

Yixi smiled broadly. “Yeah, we have five children in my family — a younger 
brother, two older brothers and an older sister.” 

“And were all of them well educated?” 

“I am the first one,” Yixi said. 

“And how big is your home village?” 

“About 200 people,” he said. 

“It’s amazing that someone from such a tiny village could study in Beijing, 
Xiamen, the U.S. and Singapore! So how is life in your home village now compared 
with when you were young?” 
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Entrepreneurial Tibet 


Yixi smiled. “I think life was pretty simple back then. When I was a kid, we didn’t 
even have a television. We really wanted to watch some cartoons, but we not only 
didn’t have a television, we didn’t even have a radio. Life was pretty simple, but now 
the living standard has improved tremendously.” 

“Do they have a television now?” I asked. 

Yixi laughed. “Televisions, refrigerators, internet, WeChat — it’s amazing to see 
how technology has changed the way of life even in such a very small village. Nowa- 
days, they all keep in touch with WeChat-— even the villagers. It makes communication 
very straightforward.” 

“Yes, I know,” I said. “In Inner Mongolia, even herders use China’s Beidou satellite 
and microchips on cows to track herds. It’s amazing.” 

“And Tibetan houses are more beautiful than they used to be,” Yixi said. “People 
in the villages now have very big houses like in the Midwest in America, and their 
own vehicles, like cars and trucks.” 

“But how can they afford such big new houses?” I asked. 

“T think that in some families, the children go to school and then get jobs in the city. 
Then they send money home to their village, and some villagers work as contractors 
or in other careers. Some do paintings, you know — traditional Tibetan paintings. 
Some are architects and others are woodsmen or carpenters. More and more money 
is coming into Tibet and the better economic conditions provide more opportunities. 
Some villagers are even doing very big business.” 

“What kinds of business?” I asked. 

“Like real estate,” Yixi said. “They construct buildings in the city. And sometimes 
villagers have a better life than city people thanks to special subsidies. For example, 
they don’t have to pay for electricity and water.” 

“That’s a lot different than 30 years ago!” I exclaimed. 

In the mid 1990s I felt it was very unfair that farmers paid more for electricity 
than city people, but I slowly realized the government had no choice. Power was 
so inadequate that even in Xiamen, a Special Economic Zone, within one hour the 
current could plummet from 220 to 100 volts and shoot back up to 260 volts. I 
wrote to family and friends in the U.S. that I fried more electronics than veggies. 
Power was out daily, and sometimes for several days, so we always kept candles 
and kerosene lamps on hand. I even carried candles to Zhongshan Road’s Xinhua 
Bookstore because it had no windows and was pitch black during its frequent power 
outages. 

Pd have never dreamed in the early 1990s that within two decades the entire 
country would have electricity, water and phones. And no one, of course, dreamed 
of the internet, which even science fiction writers failed to predict, or that China 
would have the most extensive web of netizens on earth and thousands of “Taobao” 
e-commerce villages scattered across the countryside. 

So I’m not surprised that some Tibetans are given free electricity. In some places 
like West Yunnan, the Lisu people were even given keys to free homes—and then 
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given free furniture, bedding, cookware and firewood because, at the start, they didn’t 
have a penny to their name. But the government’s faith in these minorities has been 
well-placed, as I learned when I met a young Lisu lady who started out as a laborer 
and now has her own construction business and drives a BMW. 


Tibet’s New Passion for Education 


“Another big change from 25 years ago,” Yixi said, “is that families back then would 
rather keep their children at home to labor for money than let them go to school. 
But that has changed today. People see that education is more important than the 
fast money they can earn on the construction field, so more and more families are 
sending children to school. Both education and healthcare are better than before.” 

“How has healthcare improved?” I asked. 

“Village healthcare is better now, but if villagers want to see a doctor in the city, 
the government pays part of the bill, maybe 70% or 80%.” 

“Tibet really is changing fast,’ I agreed. “But what are your own plans for the 
future?” 

“Ah, my plans for the future?” He thought a moment, and said “I am just about 
to publish a book, Faraway Tibet. And I want to continue my education. I have two 
masters, but I want to get my doctoral degree in Sichuan University. This time, my 
major will be Tibetan history, society and economy. No matter where I have traveled, 
I’ve always returned to the land of my birth, so now I want to know more about my 
own culture. But after my studies I will definitely return to Tibet University.” 

“Why do you keep returning to Tibet University?” 

“As I’ve said, I have had opportunities that many of my friends could not have 
dreamed of. I think it is my responsibility to return and share what I have learned, 
what I have seen and what I have experienced out there with my friends and my 
community here. I have been helping my peers to learn English, and not just at the 
university. I also voluntarily help students learn English, and help them apply for 
universities both in other provinces and in some Western countries because I know 
how the university systems work both here and there. So I can help, and I think this 
is the main reason that I keep coming back. Tibet gives me a very strong sense of 
belonging, because you can’t find such a culture as this anywhere else, you know.” 

“You feel Tibet has a rich culture?” 

Yixi laughed. “Ah, it is very rich! And it’s very unique. And I like the atmosphere 
of Tibet. So I think those are the two main reasons I keep returning to Tibet.” 

“So what is your book about? What you saw outside of Tibet or maybe how the 
world sees Tibet?” 

“Ah, my book. I didn’t really cover how the world sees Tibet,” Yixi said. “It’s 
very subjective. I wanted to share with my friends here in Tibet what I saw and 
experienced, and my feelings, when I was in Singapore and the U.S., and how I 
missed Tibet. And I also wrote a lot about how education has been changing over 
time by recording my friends’ experiences. I have one article named “Tibetan Youth’ 
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in which I wrote about five or six young Tibetans my age, and what they are doing, 
thinking and experiencing. I think it is a record of very typical youth at this time, 
and may be of some value in the future when people look back and want to see what 
youth of this time were like. 

“But I also wrote this book to encourage my friends, my students, my children 
to keep working harder, and to dare to dream. Every time I have a lecture or a class, 
I also tell my students that you have to dream big because look at me — I did it! I 
went to all these places and you can do it too. You don’t need to fear that you’re a 
very little boy from a little village — you can do it. And that’s the encouragement that 
I have been giving them. I hope that I can help inspire my students as well as my 
friends. And I think it has been working because some of my friends around me are 
trying really hard to learn English and to apply for universities in Australia. One of 
my friends actually went to Australia for his master’s degree. I helped him improve 
his English and to apply.” 


Tibet’s Future—Prosperous and Inclusive 


“One last question!” I said, though I could have spent days plying him with the 
dozens of questions I had jotted down. “Do you have any thoughts about the future 
of Tibet?” 

“As I’ve noted, I think people’s life quality has been improving in terms of educa- 
tion, in terms of healthcare, in terms of public transportation. The improvements are 
fast, and I think they will continue for a very long time. And I see a good picture 
because I’m a very inclusive and culturally tolerant person. And I think Lhasa is a 
very diverse place. Actually we have mosques. To be exact, I found out that we have 
three mosques. One is right next to a temple that is a center of Buddhism. And Lhasa 
has people of all kinds of ethnic groups from all over the country. I think Lhasa is 
a very tolerant and diverse city. I enjoy this, and I think it will continue to become 
more and more diverse.” 

“Thanks so much for sharing your story,” I said to Yixi. 

“Sure thing,” he said. “I think that in this interview, the best part is my own story. 
Stories such as the national housing projects for villagers — people have heard that 
before. But the real story here is the story of my education — how my journey of 
education transformed me from a little village boy to an associate professor at a 
higher institution.” 

“We have this kind of environment encouraging young people. Some of my friends 
are doing business and the government has all kinds of preferential policies to help 
young Tibetans become entrepreneurs. Some of my friends are lawyers, teachers 
and professors. And that’s the main point for me — that China has these policies and 
environment to help young minority students receive an education. And this is my 
story.” 

And quite a story it was. I could have spent days with Yixi, but I'll see him again 
soon because he agreed to coauthor Magic Tibet with me. 
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On my next trip to Tibet, I hope to interview some of Yixi’s students, because I’ve 
heard how he inspires in the classroom with his passion, urging students to not just 
read but to experience the richness of languages and cultures in the real world. 

And maybe as Yixi and I write Magic Tibet I can sit in on some of his classes. 
After all, as I learned when our 51-year-old Xiamen University gate guard got his 
law degree last summer, in China, learning is truly a lifelong adventure. 

Thuk-je-che, Yixi Danzeng. I could probably write an entire book about Yixi, but 
I was to learn even more about Tibetan culture from a Han Chinese teacher, Yang 
Yuanjian, who with his wife not only volunteered to teach Tibetans in the inhospitable 
environment of Ganzi, Sichuan, but also taught Tibetans about their own culture! 
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Chapter 10 R) 
Yang Yuanjian: Barefoot Teacher ciecie; 
to Tibetans 


The keys to combating poverty in any country include good infrastructure (“We 
were ‘frogs in a well’ until we got roads,” said farmers in Ningxia and Yunnan) and 
good healthcare because the body is the capital not just of the revolution but of the 
fight against poverty. But the key to making the fight against poverty sustainable 
is education. Yet as we saw in Tibet’s Shuanghu, recruiting good teachers in poor 
regions is a challenge when good schools snatch the best teachers right out of college 
and poor schools are often left with teachers who could not get a better job elsewhere. 

In China, fortunately, ever since the 1950s, passionate teachers from good schools 
across the country, including my own Xiamen University, have volunteered to live 
and serve in impoverished regions. And happily for Ningxia, Tibet and other remote 
regions, these teachers are the cream of the crop—including award-winning teachers 
like Mr. Yang Yuanjian, a Han Chinese who not only helped improve education 
for Tibetans but also worked to help them better understand and respect their own 
Tibetan culture! 

One might wonder why such a multi-talented man as Mr. Yang would even choose 
to be a teacher, given the pay was very low until the 1990s. But teaching in China is 
not just a profession but a well respected privilege. What other country sells “Dear 
Teacher” greeting cards not just on Teacher’s Day but 365 days a year? And once 
you’re someone’s teacher, you’re their teacher for life. In the mid-1990s, at a 1,000- 
year-old Taoist temple on Fujian’s Taimu Mountain, I met 30 people celebrating 
a reunion with their teacher. I assumed she’d been their high school or university 
teacher, but not so. She was their kindergarten teacher whom they’d not seen in 
30 years! 
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Teaching in the Blood 


After three decades in China, I understand why Teacher Yang is passionate about 
teaching, though I discovered he has another reason: teaching is in his blood. 

“I was born in the countryside,” Teacher Yang said. “My father was a rural teacher, 
and my mother a farmer. Their greatest gift to me was to teach me to live simply and 
work hard.” 

That lesson was put to the test in 1988 when he was sent to a rural elementary 
school for his first teaching post. “The school was half an hour from the bus station 
and conditions were hard. My first class had students from grades one to six and, back 
then, China’s education was very test-oriented. Some had just started talking about 
‘quality education’ but no one knew what it meant — only that it was supposedly better 
than exam-oriented education. Teachers suffered as much as students from the fixa- 
tion with exams. We believed education should be more holistic, covering morality, 
physical education, aesthetics and labor, so we started exploring new pedagogies.” 


Unexpected Football Coach 


Teacher Yang had never been very sports-minded but after becoming head teacher he 
formed a class soccer team—never dreaming his ragtag bunch of barefoot country 
kids would become champions. “They played barefoot in bad conditions,” Mr. Yang 
said, “but I hoped it would give them an outlet from study and help improve their 
health. But the principal complained it would hinder their studies and when I refused 
to back down, he took my ball. I just bought another ball with my own money, but 
people were angry. When word got out the principal had confiscated my ball. All he 
cares about is exams and scores!” 

It is easy, of course, to fault the principal, but he himself was under great pressure. 
At that time, Chinese students for 12 years prepped for one goal only—pass the 
college entrance exam. Not only were schools evaluated by success in exams but 
parents also criticized teachers whose students didn’t excel. There had been talk of 
reform but that was easier said than done. So I admired Teacher Yang’s tenacity but I 
also sympathized with the principal, who would soon become one of Teacher Yang’s 
ardent supporters. 

For two years, Teacher Yang’s students played under the radar, even getting 
training in his hometown of Zigong, Sichuan. “Each child spent two dimes — one for 
the 200 km bus trip and one for lunch, which was one bowl of tofu for two people. I 
helped cover costs for those lacking the 20 cents, though my salary was only a few 
dozen Yuan a month.” 

After a leader heard about Teacher Yang’s secret soccer team, he gave them several 
balls, and the principal reversed his stance and began following their progress— 
especially when they became city champions. 
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“Our team’s style was like Barcelona’s — lots of ball-passing,” Teacher Yang said. 
“The team had played together since first grade, so they passed so well that the other 
teams could not even touch the ball. We defeated the city’s best teams, and then 
shocked everyone by winning our first district game 8 to 0. No one could believe 
it. In the 2nd district game, we beat the city’s best team 3 to 2. Sadly, we lost the 
third game 1 to 3, but that was because even though our country kids had stamina, 
they were slow because they were smaller than the city kids, 1.2 meters versus 1.4 
or 1.5 meters. But we were thrilled even with 4th place — especially after they gave 
out prizes. The top awards were 150, 100 and 50 Yuan, and nothing for 4th place, 
but the Education Bureau leaders were so impressed they gave us a special prize of 
200 Yuan — 50 more than Ist!” 

“Was the number one team upset that you received more than they did?” I asked. 

“Not at all!” Teacher Yang said. “And later, our team placed second in the city. 
People thought I was a physical education teacher but in fact I had never studied or 
taught physical education. I was just a language teacher, but I felt education needed 
changes so I just explored some options and chose soccer.” 


Passionate Teacher, Passionate Students 


After postgraduate work at Sichuan Normal University, Teacher Yang was sent to 
teach Chinese at Longquan, Sichuan, where leaders said, “You finished graduate 
school, so you get the worst classes. If you can improve them, you are really great.” 

Teacher Yang’s students were indeed undisciplined but he put his heart into the 
task. “In the end, they made great progress,” he said. “The biggest reason students 
listened to me was they believed I really cared for them and devoted my attention to 
them. It was a struggle to win their hearts and kindle their passion for education, but 
I did that with one class after another.” 


Volunteering for Ganzi 


In 2005, Teacher Yang obtained his master’s degree and wanted to pursue postgrad- 
uate work at Southwest University, but though his exam scores were very good, the 
teacher did not accept him. It was a bitter experience but he pressed on, and the school 
rewarded his perseverance by making him office director, which was essentially an 
assistant to the principal. 

“As office director, I learned that each year we need teachers to teach Tibetans in 
Ganzi, but it was a very difficult place to live. So in 2012, I asked the school to let 
me teach in Ganzi and they agreed.” 

Teacher Yang taught at the Ganzi County #2 Comprehensive Primary school, 
where half of the teachers were Tibetan and half were Han Chinese, and the school’s 
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10+ classes had 600 or 700 students—mostly Tibetan. Teacher Yang was assigned 
to teach science—and he tackled science with as much passion as he had soccer and 
Chinese. 


Hands-on Education 


“To my surprise,’ Teacher Yang said, “they had no full-time and only a few part-time 
science teachers. Students did not do any science experiments at all. They did have 
equipment but no one used it — probably because they did not know how.” 

Teacher Yang immediately captivated his budding young scientists by leading 
them in daily experiments with jars, beakers, alcohol lamps, etc. While other 
teachers had stressed traditional rote memory to prepare for exams, Teacher Yang 
avoided memorization altogether, stressing “learning by doing”. His results spoke 
for themselves. All of his classes ranked either first or second in the county exams. 

Teacher Yang also endeared himself to local teachers by helping them with virtu- 
ally any problem they had, from writing a transfer request letter to fixing a machine. 
“If a teacher’s computer crashed, I fixed it. If they needed computer training, I gave it. 
If printers or photocopiers broke, I fixed them or unstuck paper jams. I myself had no 
idea how to resolve many problems but I studied and taught myself and then taught 
them. The teachers appreciated my help and we formed a very close relationship.” 

“Teachers also asked for help with multimedia equipment, but in fact, I'd never 
used it myself,’ Teacher Yang said, “so I studied and then taught others. Ganzi 
had better equipment than schools in the rest of China because the central govern- 
ment invested more on education there. I had never seen such advanced equipment 
anywhere else. 

“They had a 100,000 Yuan Sony video camera with a several-hundred-page 
manual that was better than cameras at the Ganzi TV Station! They were so worried 
about damaging it that they bought a safe to hide it. ‘I’m not afraid of taking it out, 
the secretary said. “But I’m afraid of breaking it!’ So I studied the manual and then 
showed them how to shoot videos. But then we didn’t have anyone who could edit 
them, so I studied a book I bought on video editing and taught them everything I'd 
just learned. Later, someone joked, ‘You are our one-stop for writing, videography, 
photography, scripting, editing, etc. — for everything!’ 

“The more I learned and taught, the closer our relationship grew. That year in 
Ganzi went so quickly, and teacher’s usually only stay there one year because of the 
health problems.” 
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Another Year? 


On Teacher Yang’s last day, the Party secretary said, “If you stay another year, the 
school will rent you a house. If the school won’t, P1 cover it from my own pocket. 
Will you stay?” 

Teacher Yang was deeply moved. “I liked the people here,” he said, “and my work 
was very meaningful. I’d helped students and also changed teachers by showing them 
how to use technology. They were no strangers to technology, after all. They used 
iPhones. So Id started with technology, won their trust, and then they listened to 


” 


me. 


Teaching Tibetans About Tibetan Dance 


Teacher Yang was also proud that he’d helped Tibetans better appreciate their own 
culture! “Tibetans have a saying,” he said. “They can dance as soon as they can walk; 
they can sing as soon as they can talk.” Ganzi schools capitalize upon this love for 
music by teaching children the Tibetan tap dance, duixie, which in 2008 was added to 
China’s list of protected oral and intangible cultural heritage. Though the dance had 
won many national medals, the Tibetans knew little about the dance’s background. 

“Duixie is over 700 years old but has no written records,’ Mr. Yang said. “Where 
did it come from? What was its purpose? But no one had any answers. So I wrote a 
20,000 word research report on the secrets to Ganzi children’s duixie dancing.” 

Teacher Yang wrote about duixie’s origin and history, how it came to Ganzi, how 
locals had adapted and evolved the dance, and why it continued to be popular. He 
also recounted the Ganzi duixie dancer’s achievements and experiences and how he 
expected it to develop in the future. “I gave my paper to the Provincial Department 
of Education. As soon as they’d read it, they FAXed a hearty thanks to the Ganzi 
County Education Bureau. The Ganzi County Education Bureau then told me, ‘You 
did a good deed for this school and for the county’s cultural bureau and publicity 
department. You did something they never did!” 


Hazards of High Altitude Life 


Teacher Yang is enthusiastic about how duixie dance reflects the Ganzi people’s 
positive outlook in the face of adversity. “Life in Ganzi is really difficult,” he said. 
“Everyone has altitude sickness; mine was so bad that I could not sleep for half a 
month.” 

“Isn’t Ganzi about the same altitude as Lhasa?” I asked. 
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“Yes,” Teacher Yang said, “but conditions are worse. Fierce winds shriek like 
a banshee and howl like a wolf. In winter, liquids in the home freeze solid and 
vegetables freeze as if in a freezer. We don’t have refrigerators because we don’t 
need any! 

“We dared not get sick because recovery was hard, and sickness easily led to 
death. In three years, I lost two colleagues. One, a female in her 40 s, felt dizzy, 
returned home, lay down and never got up again. And an overweight teacher, who 
played Mahjong every weekend because he had nothing else to do, walked out of his 
door, dropped to the ground, and died on the spot. I almost died myself once! It was 
just a cold but I felt like my life was over.” 

“Yet in spite of this, you stayed on?” I asked, impressed by his courage and 
commitment. 

“In 2012, every time I returned home for a visit, the Party secretary drove me to 
the station. You rarely see this in other places today. I was so touched. So I agreed 
to teach just one more year, but this time I brought my wife, who stayed with me for 
two years in Ganzi, and the Tibetans really respected her.” 


Embracing Other Cultures 


Teacher Yang felt his years in Ganzi were the most meaningful three years of his 
life. Though he was the teacher, he also learned much from the Tibetans. “When I 
was young, I’d do reckless things like rebel against exam-oriented education. But in 
Ganzi, I learned that social change must be carried out step by step. People won’t 
stand for rapid reform. My attempts at rapid change gave me a headache and had no 
effect.” 

“Did you experience any culture shock?” I asked. 

“Everyone does,” Teacher Yang said. “Tibetans’ thoughts, emotions and concepts 
are so different from ours.” But Teacher Yang had read the works of noted Chinese 
anthropologist and sociologist Fei Xiaotong (1910-2005), a professor of sociology 
at Peking University who had studied China’s ethnic groups and introduced Chinese 
culture to the world. “Prof. Fei advocated multiculturalism and relativism and said 
that no culture is better or worse than another one. It is wrong to say some people are 
‘barbarous’. At first we felt Tibetans looked scary, dark and strong, but we learned 
that they are very kind people.” 

“I remembered my own first impression of Tibetans that I met in Amdo in 1994. 
I almost cringed when I was surrounded by three tall, sun-darkened Tibetans in 
colorful costumes, long daggers dangling from broad belts. I was about to hand over 
my money when they grinned and, using hand motions, asked if they could have a 
photo with me!” 

“My three years in Ganzi,’ Teacher Yang said, “gave me a deep respect for 
Tibetans. First, they are so optimistic even in such a harsh environment. Second, 
they have strong beliefs and do not kill. A female teacher planting a tree accidentally 
dug up an earthworm and cried as she wrapped it in toilet paper. And third, Tibetans 
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have deep, pure emotions. I once heard loud crying and thought someone was being 
bullied, but it turned out to be a teacher who did not want to bid his students goodbye.” 


Farewell, Ganzi 


When Teacher Yang bid his own students goodbye on his last day of class, “Two 
children cried as if someone at home had died. I wrote an article, ‘Farewell Ganzi, My 
Second Hometown’, about the Party secretary’s visit to my house the night before I 
left Ganzi. At 5 AM the next morning, he drove me to the station, and even that early, 
all of the students’ parents had gathered to see me off. Such pure, simple feelings 
are not so common today in some cities.” 

“So have you returned to Ganzi since you quit teaching there?” I asked. 

“No,” Teacher Yang said, “though we’ll visit our sister school the last half of 
this year. But the students often visit us and we keep in close contact. The Han and 
Tibetan peoples are closer now, and help each other. This kind of brotherhood is 
good for the long-term stability of our country.” 

“Tve seen that life has improved throughout Tibet. What about Ganzi?” 

“Much better now!” Mr. Yang said. “In 2012, the 90 km road to Ganzi took us 
four hours; now just over one hour. The people have built good houses. And social 
order is better. If there are issues, they’re usually between Tibetans, not Tibetans and 
Han Chinese, so we’re not nervous about going out at night — but I have to tell you 
a story!” 


Falling for Tibetan Humor 


“T took a taxi home late one evening after work and the Tibetan driver had another 
Tibetan in the front seat. I told him my address and he took off in the opposite 
direction, farther and farther down narrow roads. When he took the road out of town, 
I pulled out my phone to call the school if they tried to hurt me. “Where are you 
taking me?’ J asked the driver. 

‘Arabia’, he said, and kept driving. He finally dropped the other Tibetan off and 
then drove me home. He had only been joking. Tibetans love to joke! I’ve come to 
learn that Tibetans are very warm and kind.” 

I too can vouch for Tibetan’s warmth and kindness—but I’m sure they saw a 
kindred spirit in Teacher Yang and his wife. This self-taught soccer coach, science 
teacher, multimedia master, Tibetan dance researcher and general jack-of-all-trades 
is one of the most gifted teachers I’ve met. He could have easily chosen a career at 
a leading school but he chose to help Tibetans. 

And this is why the world’s most populous nation is winning the war on poverty: 
top-down visionary leadership and bottom-up grassroots passion by people like 
Teacher Yang. 
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And of course there is the grassroots passion of people like Feng Yougen, the son 
of a Hunan flower farmer who learned to “smell profitable flowers” and has now 
spent almost 2.5 billion Yuan in fighting poverty and transforming a barren village 
into a world-class garden and national tourist attraction. 
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Chapter 11 A) 


Feng Yougen, Chairman of Panlong rie 
Group: “I’m the Son of a Flower 
Farmer!” 


Feng Yougen is Xiangtan’s richest entrepreneur but as a child he lived with his 
family of seven in a tiny home and slept beside the coals like Cinderella, the Western 
fairytale adapted from the 1,200 year old Chinese story of Ye Xian. But Feng’s tale 
is more wondrous than any fairytale because he accumulated his wealth, and helped 
lift thousands of others from poverty, not by magic but by passion, persistence and 
principles. 

I asked Mr. Feng how the son of a poor flower farmer could earn enough to spend 
almost 2.5 billion Yuan turning 5,000 acres of barren village land into a national 
4A-level tourist and educational attraction. 

“I had a bitter life as a child,” said Mr. Feng. “My mother gave birth to me herself; 
she even cut my umbilical cord herself. Until the 1970s, our home had only one and 
a half rooms. One room had a thatched roof, one had tile. We didn’t even have a 
door.” 


Plunging into the Ocean of Competition 


“Because my family was so poor, as a child I was always bullied,” said Feng, “so I 
struggled, and worked hard to make money. By 1989, I was a section chief on a state 
farm but that year I quit my job and plunged into the ocean of competition!” 
China’s reform and opening up policies created such opportunities that the country 
was swept by an excitement like the 1840s California’s gold rush. When Mr. Feng 
told his father that he too planned to seek his fortune, his father supported him but 
suggested he try his hand in the crowded places where there were more people. 
Eyes bright with hope, Yougen bicycled to populous Hedong, only to find that 
everyone else there was also trying to strike it rich, so competition was fierce. As he 
pondered how to find his own niche, he chanced upon a machinery factory and saw 
a tower crane that cost 820,000 Yuan. “The construction boom is just beginning,” 
young Yougen thought, “and this is a great deal!” Yougen studied the market carefully 
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before he boldly put all of his eggs in one basket but his well calculated gamble paid 
off. He bought the crane, sold it for over one million Yuan, and pocketed 200,000 
Yuan in profit. 

“T used only cash back then,” he said, “so I took the money home. It took all night 
to count it! My original salary had only been a few dozen Yuan, so that 200,000 Yuan 
gave me a much brighter outlook for the future!” 


Nine-Tailed Fox Returns to Flowers 


Mr. Feng leveraged his 200,000 Yuan windfall to capitalize upon Xiangtan’s robust 
economic growth and invested in other businesses, real estate and hotels. By 2006, 
he was Xiangtan’s richest man and called “Nine-tailed Fox” by locals. Yet just as 
the real estate business started to heat up, he shocked friends and family alike by 
investing everything he had into transforming a barren village into the 800 hectare 
Panlong Grand View Garden. “I’m the son of a flower farmer!” Feng exclaimed to 
skeptics. “From my youth, flowers have influenced me. Flowers are my passion!” 

Within less than a year, everyone recognized that Mr. Feng’s timing and choice of 
location for his grand garden had been perfect when Xiangtan was recognized as one 
of China’s top ten livable cities.' From early on, Xiangtan had emphasized national 
guidelines for protecting the environment during development, which of course was 
in keeping with Hunan’s ancient Taoist philosophy of “Man follows nature.” Mr. 
Feng’s Panlong Grand View Garden was simply following Xiangtan’s trend, though 
he took it to an entirely new level. 

Feng was quick to prove that even a passion for flowers could turn a profit. His 
father had taught him not only how to raise and sell flowers but also to discern which 
flowers made money and which did not. “Orchids made money,” Mr. Feng said, “so 
when I was young I searched the mountains for orchids. I could smell them!” 


New Era, New Agriculture 


Feng quickly realized that the traditional agriculture of his youth was no longer a 
path to success. “In the past,’ Feng said, “People struggled for food and clothing, 
and Hunan’s hilly land — all ups and downs! — made modern agriculture impossible. 
After expenses, one mu produced only 1,200 Yuan of profit. We had to be creative.” 
But reform and opening up ushered in a new era in agriculture. 

Thanks to the modern infrastructure that gave Xiangtan access to China’s entire 
market, as well as favorable business policies and incentives for environmental initia- 
tives, Feng expanded his sights to encompass not only traditional agriculture but 
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also landscape agriculture, ecological agriculture and tourism agriculture. Feng said, 
“Xiangtan was Chairman Mao’s hometown, so in addition to Red Tourism, why not 
also dazzle the world with Green Tourism?” 

A consummate businessman, Feng was careful that every Panlong Grand View 
Garden venture be profitable. Otherwise, the garden could not be sustainable. But 
at the same time, he demanded the best experience possible for guests. “I wanted 
guests to enjoy the park and food so much that they didn’t want to leave, and that 
they would return often.” 


Win-Win for Villagers 


I asked what happened to farmers whose land had been used for Panlong Garden. 
Feng grinned. “I leased more than 5,000 mu of land in Zhifang Village — and people 
were delighted when I demolished their homes! Do you know why? Because we gave 
them more than just money! The original Zhifang Village was just a barren mountain 
wilderness, but I transformed it into a lush green garden, and we built the villagers 
new homes. I also provided livelihoods. Their average annual income has risen from 
5,000 Yuan in 2009 to 50,000 Yuan today.” 

Yuan Jingang, a Zhifang villager weeding peach trees, told a reporter, “Since 
Panlong Gardens, our cooperative has never had to worry about selling our peaches, 
and it gets better every year.” The 536 trees on 70 mu of land produce 10,000 kilos of 
prized yellow peaches each year, most of which are bought by tourists. “At 30 Yuan 
per kilo, that’s 300,000 Yuan!” Yuan Jingang exclaimed. 

Zhifang Village now has many cooperatives that are an integral part of the flower 
industry chain and use Panlong Grand View Garden’s platform for marketing. And 
many villagers have opened Nongijiale, with at least 20 of them earning over 400,000 
Yuan annually. 

“Its win-win,” Feng said excitedly. “They’re happy to work with us because we’re 
not just partners but relatives!” 


Knowledge Is the Best Charity 


Feng’s careful study of national anti-poverty initiatives taught him that the first 
priority in raising Xiangtan from poverty must be given to infrastructure, so he 
spent tens of millions repairing or upgrading over 30 km of roads, including roads 
not directly connected to his projects. But Feng also recognized that another great 
barrier to prosperity was lack of education. As Feng said, “In fighting poverty, giving 
someone a fish is not as good as teaching him to fish. Knowledge is the best charity.” 
Feng employed many of the uneducated villagers in his gardens, restaurants and 
hotels, but he also invested millions in education for children and adults alike. 
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Feng invited experts from Hunan Agricultural University and other institutes to 
teach farmers and staff about flower seedlings, aquaculture and poultry farming, and 
techniques for cultivation of fruit and vegetables. He also arranged 20 lectures a 
year to introduce the fundamentals of the market economy. But Feng himself is now 
recognized as quite an expert. He has spent tens of thousands of Yuan in tuition on 
his own studies. “I’ve learned as much from failure as from success,” Feng said, 
laughing. “After long illness, one becomes a good doctor!” 

“Some people collect antiques,” Feng said, “but I collect exotic flowers.” His park 
has over 100 kinds of cherry blossoms, 800 kinds of rhododendrons and over 1,200 
kinds of lotus flowers, as well as over 200 kinds of orchids, and over 150,000 trees 
such as red maple, black pine and Podocarpus. But he learned the hard way that exotic 
plants require exotic care. He imported 800,000 Yuan of Buddha Belly Bush from 
Australia; they all died within three years. He also spent 2 million Yuan importing 
purple sage from Vietnam and Myanmar, only to discover that even though they 
thrived in neighboring Guangdong, they perished in Hunan. Feng was not discour- 
aged. “Practice, practice and practice,” he said, “and then study, study and study! 
Either don’t do it, or do it to the extreme.” 

Each time that Feng discovered a new exotic flower in Japan, Korea, Canada, 
the U.S. or other countries, he bought every book he could find on their care and 
spent millions having them translated into Chinese. To this day, he reads late into 
the night, and develops technical and management practices that he teaches others. 
Thanks to his encyclopedic expertise, he now wears another hat—that of graduate 
tutor at Hunan Agricultural University’s Department of Horticulture. 


Passionate About Education 


As an advocate of lifetime learning for himself and others, Mr. Feng funds education 
for learners of all ages, but he is especially keen on awakening city children to the 
wonders of nature. “Many children who live in cities from birth know nothing of 
nature!” he said. “So each year, over 300,000 children attend Panlong Grand View 
Garden programs to learn about diverse plants and flowers from all over the world. 
Adults like it too, so children of course bring their parents!” 

Feng has built two Hope schools and donated almost 50 million Yuan through 
his “Panlong Education Fund” to help 470 students of all grades. Feng also gives a 
20,000 Yuan annual college stipend to four or five exceptional students. “I review 
their transcripts to select students who are serious about learning. And if their families 
have problems, I of course help them.” 

Ms. Chen Liwen, a former student of Prof. Hu Min, also a Xiangtan native 
and CEO of New Channel, said, “Mr. Feng is typical of Hunan people: hardiness, 
endurance, forceful. So he supports youth who show they can grit their teeth and 
endure.” As Prof. Hu Min says, “If you persist, you will succeed.” 
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But Mr. Feng also knows that passion must precede persistence, so after checking 
a prospective student’s transcripts, he asks him, “What do you plan to do after grad- 
uation?” If he’s not certain, Feng would encourage him to find his passion. “There’s 
not much point in spending time and money on a major if one’s not planning a career 
in it,” he said. 

Ms. Chen Liwen asked Mr. Feng, “Have you met anyone else with as much passion 
for plants and flowers as you have?” 

Mr. Feng hesitated, and then said, “There are some,” he said, “but very few. I 
believe that business success is intimately tied to your hobbies. If your profession is 
also your hobby and you are passionate, then you have motivation.” 

Ms. Chen nodded agreement and said, “Then we should find ways to enhance 
students’ love for all walks of life, and educational reform should include career 
planning courses so students can find their passion and make the right choices.” 

“You are right,’ Mr. Feng said. “And theory and practice should be linked. Even 
as farmers sow crops in fields, teachers sow ideas on blackboards, which lead to new 
practices, which lead to new ideas. If a professor’s theory is not linked to practice, 
his students can be only mediocre. Practice proves truth.” 

Mr. Feng warmed to his subject like a teacher in his classroom. “Consider Yuan 
Longping,” he said, “the father of hybrid rice in China. Yuan Longping said, ‘Book 
knowledge is very important, but I am engaged in rice research. There is no rice 
in the books. Only rice can grow rice. Practice!’ Only because Yuan Longping has 
been rooted in the land for a long time has he been able to produce hybrid rice from 
generation to generation.” 

Mr. Feng reminded me of professors I’d met at Harvard Business School (HBS), 
which has students analyze real-life case studies to deduce on their own the relevant 
theories and practices. Although HBS sees this as innovative, such practices have been 
an element of Chinese education for thousands of years. Confucius himself taught 
by asking questions and forcing students to think for themselves. As he famously 
said, “If I show one corner and the student cannot deduce the other three, I do not 
repeat the lesson.” 


Passion Plus Principles 


Mr. Feng is obviously propelled by powerful passion, but his passion is profitable 
because he grounds it in four principles: 

“First, firmly support the government leadership.” 

“Second, focus on economic efficiency and benefits.” 

“Third, respect and obey the law.” 

“Fourth, treat employees well.” 
“We must treat employees like family and friends,” said Mr. Feng, “because company 
growth depends upon every employee’s contribution. Only this can make us invin- 
cible. A boss must know that “disperse money, people gather; hoard money, people 
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disperse.” Why do employees follow us? For a brighter future and a better life! So 
we must have the spirit of ‘Sow much, reap much; sow little, reap little.’” 

“Our focus,’ Mr. Feng continued, “should not be posterity but how to benefit 
society here and now. So I’ve never thought of Panlong Grand View Garden as my 
own, but as belonging to the state and society. If every boss seeks only his own 
personal interests, then state and society really have no hope. On the other hand, if 
everyone gives it their best and gives a little love, then this society must be beautiful.” 

For over a decade, Mr. Feng has given his best to Panlong Grand View Garden, 
arriving each morning at 6 AM and often working late into the night. “I’ve been 
sharpening my sword for over ten years,” he said, “planting 300,000 trees. Each tree 
I planted by myself. I myself designed everything in the Grand View Garden. I’ve 
worked on Grand View Garden a long time, and it will eventually be as beautiful as 
fairyland.” 


China’s Future? 


Feng is confident about Panlong Grand View Garden’s future—and confident about 
China’s prospects. “China is vast, with so many people, so I think it has far more 
opportunities than other countries. Chinese used to struggle just for food and 
clothing, but that problem has been solved! I am 58 years old and I’ve witnessed 
China’s decades of development firsthand. Today, China’s first-tier cities like Beijing, 
Shanghai and Guangzhou are in no way inferior to the big cities in the developed 
countries of Europe. Even in urban development, they are far better than many big 
cities abroad. I have been to more than 100 countries, and I know from personal 
experience that we lead the world in our technology and urban construction.” 

Feng is also optimistic about rural development. While many look to foreign trade 
for growth, Feng sees gold in China’s own countryside. “There is actually more room 
for development in relatively backward places,” he said. “Only 30% of China’s land 
is in cities; the other 70% is in towns and villages. I think that as society develops, 
the big opportunities will be in rural areas. Land is an invaluable treasure that lets 
us respond to change. These 5,000 acres of land of Panlong Grand View Garden is 
a blank slate upon which we can paint and play at will!” 

After a meal of Hunan favorites and regaling us with tales of Xiangtan’s dramatic 
changes, Mr. Feng gave us a tour of his hotel. The best in town, his hotel still looks 
new even after a decade. Too often, builders cut corners only to waste far more money 
later on costly repairs, but Mr. Feng built his hotel to last. He proudly pointed to the 
lobby’s staircase and columns. “I’ve not had to renovate since I built this 10 years 
ago!” 

Feng is obviously as passionate about his hotel as everything else he puts his 
hand to. But as he said, “My career proves that the secret to success is three words: 
sincerity, attentiveness and persistence.” 

Yet Feng admits that he owes much of his success to his roots and to reform and 
opening up. “I am rooted in Hunan. Without my Hunan and China roots, I’d have 
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not succeeded anywhere in the world. If you can’t make it in China, you can’t make 
it anywhere else! That’s why my children do not emigrate. I want to bloom where 
I’m planted — here in Hunan.” 

This flower farmer’s son has certainly bloomed—and enriched not only Hunan 
but all of China with his passion, persistence and principles. But the following day 
I was delighted to learn that even the remotest minority villages in Hunan, such as 
Eighteen Caves Village, were prospering as youth flocked home from the cities to 
seize new opportunities right at home. 
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Chapter 12 A) 
Eighteen Caves Village: We Can Do This |% 
by 2020! 


Who Is Xi Jinping? 

November 3rd is a very festive date for Eighteen Caves Village because residents 
celebrate the anniversary of Xi Jinping’s 2013 visit, and setting his goal to end poverty 
in China by 2020. But at the time, some villagers did not even recognize Xi Jinping. 

“It does look like him,” said one villager, as Xi got off the minibus. 

“But why visit our remote village?” his friend asked. 

Xi warmly grasped the hands of a 64-year-old Miao named Shi Pazhuan, or “Big 
Sister Shi.” She had never left her village or watched TV, was illiterate, and spoke 
only Miao, so she had no idea who Xi was, but she warmly welcomed the stranger. 
The village’s Party secretary, Shi Jintong, translated as she said, “I don’t know what 
to call you.” 

Xi Jinping said, “I am a servant of the people.” 

When Shi saw she was still confused, he clarified, “This is General Secretary Xi. 
He has come to see you!” 

Big Sister Shi asked, “Who is General Secretary Xi?” 

“General Secretary Xi is the highest official in all of China,” Shi explained 
patiently. 

“How high is that?” Big Sister Shi asked. 

Shi said, “As high as Chairman Mao!” 

Big Sister Shi’s eyes widened. She may have been illiterate but she did know about 
Mao. The Miao’s gifts of supplies and guides through their territory had helped Mao 
and the Red Army survive the Long March as they fled the Kuomintang. This is no 
ordinary visitor, Big Sister Shi realized, and she gripped his hand tightly. 

Many villagers knew nothing of the world beyond their ancestral village because 
from time immemorial they had been isolated by impassible mountains and rivers 
raging through deep valleys. Only in March, 2012, was its isolation ended by the 
opening of the spectacular Anzhai Suspension Bridge—the world’s thirteenth highest 
bridge. I felt more like I was flying than driving as we crossed the bridge 1,000 feet 
above the lush valley floor, the bridge’s far end vanishing into clouds. 
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It is no surprise villagers celebrate November 3rd, because they have much to be 
thankful for. When Xi visited in 2013, their annual per capita net income was only 
1,668 Yuan. Roofs leaked and wind wailed through mud patched walls. The village 
had electricity but few could afford anything but a dim light bulb dangling from the 
ceiling. Although the village was no longer isolated, it needed a kickstar-—which Xi 
Jinping delivered when he inspected the village and shared his notion of “Precision 
Poverty Alleviation”. 

For over an hour, Xi spoke of ending poverty through self-reliance, of shifting 
from transfusing blood to creating blood by boosting the local economy through 
ways unique to its own situation. And he ended with, “I think we can do this by 
2020.” 

No one could have imagined that during the next six years, China would lift 82.39 
million from poverty, with the percentage in poverty plummeting from 10.2 to 1.7%. 
Even Eighteen Caves Village income shot up from 1,668 Yuan in 2013 to 12,128 
Yuan in 2019. The village was declared free from poverty, but Miao villagers needed 
no official announcement. The droves of youth returning home from the cities was 
proof enough that Eighteen Caves Village had a bright future. 


The Nation’s Big Sister 


But precision poverty alleviation requires precise knowledge of conditions and 
causes, so Xi’s first step during his 2013 visit was to understand locals’ lives. As 
he gazed at the dark interior of Big Sister Shi’s home, Xi asked, “Do you have fruit 
trees, a vegetable garden? Is it enough to feed the family? Is there a pig?” 

“No fruit trees,” Shi replied. “In good years, we’ve enough to eat, but not in bad 
years. As for pigs, we have two.” 

“Will you eat the pigs or sell them?” Xi asked. 

“How could we eat them?” she asked. “We must sell them for money to live on.” 

Xi saw that her threadbare quilt was far too thin for cold mountain nights at 700 
meters elevation, and that her rice jar and granary were almost empty. He immediately 
ordered that all 225 village households be given warm quilts, as well as rice, oil and 
other daily necessities. 

After checking to see if Big Sister Shi’s pigs were fat and strong, he led her by 
the hand to sit on stools before the fire pit. “How old are you this year?” Xi asked 
her. 

“I am 64 this year,” she replied. 

Xi smiled. “You are 64 this year; I am just 60. You are 4 years older than me, so 
you are my big sister.” 

From that day, Shi Pazhuan has been Big Sister to the nation, with visitors from 
home and abroad flocking to Eighteen Caves Village to take photos with her. 

As Xi prepared to leave, he said, “If you ever have any needs or difficulties, be 
sure to let me know.” 
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With no hesitation, Big Sister Shi blurted out, “I want to see Beijing Tiananmen 
Square!” 

Shortly after Xi’s departure, Shi and two other elders whom Xi had chatted with 
were invited to Beijing. They’d never ridden a plane, and were thrilled as they toured 
Tiananmen and appeared on CCTV’s “Avenue of the Stars”, and then returned home 
with enough memories to regale the entire village for years. 

Xi’s next visit was the home of a couple in their 70s, Shi Chengfu and Long 
Decheng. With five years of school under his belt, Shi was a scholar by village 
standards, and recognized Xi Jinping. As they shook hands, the General Secretary 
asked, “How did you recognize me?” 

“Tve seen you on TV,” Shi said. 

“Do I look the same in person as on TV?” Xi asked. 

“The same!” Shi said. 

Shi’s wife, who had never gone to school, had already led Xi by the hand into 
their home before learning that he was China’s top leader. “I stood right next to him,” 
she said later, “and only came up to his shoulders!” 

After Xi had toured their home and inquired about their harvest, he chatted with 
villagers for over an hour on the small flat square in front of Shi’s house. Xi explained 
precision poverty alleviation, and suggested they capitalize upon their alluring Miao 
culture, which intrigues both Chinese and foreigners, by creating pillar industries of 
cultural tourism and handicraft production. He also suggested they raise fruits such 
as pear and kiwi (New Zealand’s famous kiwi fruit originated in China 100 years 
ago). 

Xi’s vision captured the villagers’ imagination, but no one was more excited than 
Yang Chaowen, though he was over 1,000 km away in coastal Zhejiang where he’d 
sought work after giving up on his home village. 


Yang Chaowen: Mr. Eighteen Caves Village 


I almost laughed when I saw that the 45-year-old Miao entrepreneur Mr. Yang 
Chaowen had the characters for Eighteen Caves Village shaved on the back of his 
head. He certainly has a head for business! 

Mr. Yang is now well loved and respected for helping lift his village from poverty, 
but when younger, he’d fled to the big cities in search of work—and hopefully a wife 
as well. His village was so destitute that no girl would marry into such poverty. 

Even as a child, Yang had dreamed of escaping poverty. He saw no point in wasting 
more years on schooling that did not help put food on the table so he dropped out of 
junior high school and tried numerous schemes to get rich. He planted crops, made 
and sold charcoal, hawked rice noodles, raised chickens and ducks—but success 
eluded him. “I felt my whole life would be that way,” he said. 

Yang finally fled to the cities. “The pace of city life was stressful,” he recounted, 
“but it beats staying home in Eighteen Caves Village.” 
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City life was good for Yang. Though he began as an unskilled laborer, his rapid 
mastery of technical skills and his work ethic impressed his boss, who gave him a 
generous salary of 5,200 a month and days off. Yang was happy—until he saw the 
TV news about Xi Jinping’s visit to his home village. 

Yang was so excited that he trembled, and could not eat his dinner. He did not 
want to abandon a good job with a future, but, “I yearned to help lead my village’s 
elderly and children out of poverty.” 

Yang’s wife was doubtful. “What future could we and our two sons have in 
Eighteen Caves Village? Please don’t quit your job! Just take a leave of absence 
so you can return.” 

So Yang took a leave of absence, and when his wife phoned weeks later to ask 
why he’d not returned, he said, “You know train tickets are very expensive at the 
moment. Fares will be cheaper at New Year!” 

His wife agreed, but at New Year, Yang’s passion was reignited when the county 
sent a precision poverty alleviation taskforce to lead villagers in starting businesses. 
“My wife was unhappy,” Yang said, “but I was confident I’d succeed and she’d 
eventually join me.” 

Xi had suggested cultural tourism, so in the spring of 2014, Mr. Yang asked his 
older brother’s wife to set up Eighteen Caves Village’s first Nongjiale. They opened 
their doors with visions of success, only to close their doors two months later. They 
had few tourists, and the food they prepared for the crowds that never came spoiled 
because they had no refrigerator. 

Undaunted, Yang tried raising chickens. The first seven or eight all died, but he 
bought a dozen more and they all survived. Emboldened, he bought 700 chickens, 
but discovered that they were expensive to raise and not easy to sell. Yang looked 
sober as he recalled, “I lost 20,000 to 30,000 Yuan that year — most of it borrowed 
from friends and family.” 

But Yang’s determination and persistence had impressed his village’s leadership. 
“You are really capable!” a leader said. “Help us develop the village!” So Yang set 
his heart and mind to helping promote rural tourism and commercial production. 
The beautiful traditional Miao wooden architecture was restored, and they built an 
impressive arch on the newly widened road to the village entrance. 

Yang also promoted the rich Miao culture. I was greeted at the village by Miao 
girls in beautiful embroidered costumes and silver headdresses. They sang, danced 
and beat massive Miao drums, and afterwards offered me an earthen bowl of corn 
whiskey—a mellow brew that warmed my already happy mood. 

“Our goal was for our village to prosper,’ Yang said to me, grinning, “and we 
achieved that goal!” 
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Yang was happy developing his village but he still dreamed of opening a Nongjiale, 
especially after witnessing the success of Qiaoxifu (Skillful daughter-in-law) 
Farmhouse, which opened in 2015. 

“I wanted to give it another try,’ Yang said, “but my family was poor. I had old 
and young to care for. I had already borrowed and lost money. But my uncle, who 
treated me like a son, urged me to try again.” 

“But I don’t have a house!” I said to him. 

“No problem,” his uncle said. “Use my home in the Pear Village for free. If no 
rent to pay, what are you afraid of? You can do it!” 

Villagers grateful for Yang’s help in developing Eighteen Caves Village helped 
him secure loans for his new project, and the head of the precision poverty alleviation 
taskforce helped Yang register and obtain his Nongjiale’s official name of “Happy 
Family”. 

By 2018, Yang had so many guests that he opened a second Nongjiale in Bamboo 
Village. His two farmhouses now employ over 10 villagers, and he has led over ten 
other households to prosperity through rural tourism. Yang had finally achieved his 
childhood dream of riches, and he has even greater plans for the future, but he said, 
“When you drink water, don’t forget who dug the well. When you’re happy, don’t 
forget the Party. Without precision poverty alleviation and Xi’s concern for us, we’d 
not have the happy life we enjoy now. We are beside ourselves with gratitude!” 

While Yang is grateful for the government’s help, he is also quick to emphasize 
the need for self-reliance. “We must cheer ourselves on!” Yang said. “Why? Because 
the government has done a good job on our village appearance and infrastructure, 
but we must rely on ourselves to be self-reliant and start a business. The government 
cannot just dole out money to us. This is impossible. We must come up with ideas 
ourselves. If I have a good idea, I can apply for help and the government will certainly 
support me — but we must do our own part!” 


The Source of Happy Family 


As we ate lunch at “Happy Family” farmhouse, Mr. Yang asked, “Do you know the 
root of ‘Happy Family?’ It began the day my uncle sat by his fire, tired, and decided 
to take a stroll. When he opened his front door, he could not believe his eyes when 
he saw that General Secretary Xi was visiting our village! The village head told Xi 
Jinping, ‘This is our retired teacher.’ 

“Xi smiled, shook hands with my uncle, and asked, ‘Are you a retired teacher?’ 
When he answered yes, Xi said, ‘Good! Good! Very good!” 

Xi’s thrice-repeated praise rings in Yang’s uncle’s ears and heart to this day. To 
commemorate the event, Yang’s uncle wrote three couplets, one of which reads, 
“Happy Family”. 
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“And that,” Yang said triumphantly, “was the inspiration for ‘Happy Family’ !” 
Today, Yang does indeed have a happy family. His wife and children live with 

him in Eighteen Caves Village and he has achieved his childhood dreams of success. 

“Is your wife happy with life here?” I asked. 

Yang grinned. “Well, she thinks things could be better, but I’m getting there!” 

I laughed. “I’ve been married 38 years and I’m still getting there too!” 

“At least tourists are very happy,” Yang said, as we perched on bamboo stools at 
his low wooden table. He pointed to a dozen lunch dishes and said, “These are all 
local — fresh mountain vegetables, homemade tofu and duck eggs straight from the 
duck! People also come for large banquets, or to camp out in the beautiful mountains. 
We have over 20 outdoor venues!” 

“When we worked in the cities,’ Yang said, “we were so envious of their high-rises 
and parks. Why couldn’t we transform our own village? We can’t build high-rises, 
of course — our buildings must retain traditional Miao architecture — but our village 
is now much better than anything you’ll find in the cities!” Yang grinned, and added, 
“And we did it ourselves!” 

My young Miao tour guide said, “I too sought my future in the city, but I returned 
home from Shenzhen.” She smiled and added, “There’s no place like home, especially 
when it’s prosperous!” 

I marveled at the government’s efforts to help one tiny, remote Miao minority 
village, but it is not unusual. Days later, in S.E. China’s Yunnan on the Myanmar 
border, we met Lisu people who only a decade ago were some of the poorest people 
on the planet but today have new lives and new homes—though a few hundred had 
no idea how to open the new homes’ doors.... 
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Chapter 13 A) 
Prosperity Comes to Lisu Land ciecie; 


I expected to rough it when we visited the Lisu people in West Yunnan, one of China’s 
poorest regions, on the very borders of China and Myanmar. Imagine my surprise to 
find our hotel was a Hilton. When I drove through Yunnan in 1994 on my way home 
from Tibet, I doubted the entire province had a 5-star hotel, and now even the Lisu 
have one! 

I was delighted by the hotel’s enthusiastic greeting as we passed between two 
rows of colorfully costumed Lisu who danced, sang and played the four-stringed 
Lisu lutes and bamboo Jew’s harps. Such a welcome! I had no idea they knew we 
were coming. As it turned out, they didn’t know we were coming. The greeting 
was for two busloads of Chinese and foreign competitors for the 2019 International 
Kayaking World Cup on the mighty Salween River, which plunges 1,749 miles from 
the heights of Tibet into the Indian Ocean. 


Planet’s Most Musical Minority 


A half dozen Lisu youth in the hotel lobby played guitars and sang in the beau- 
tiful harmony that has captivated audiences the world over, especially since the Lisu 
“Christian Choir of Mongkuan County” took a special award in Beijing at the Inter- 
national Choral Festival in 2006. Only recently has the world been able to enjoy 
the magic of Lisu music, thanks to highways that have ended the ancient isolation 
and eradicated some of the worst poverty in China and heritage protection programs 
that include village workshops and Lisu music classes in middle schools (much like 
a very young Xi Jinping encouraged 30 years ago for our Fujian Province’s She 
people). 

Like many ethnic groups, until recently the Lisu had no written language so they 
used songs to carry on their epic traditions and tales, but unlike any other peoples on 
the planet, they also used music to settle conflicts. The opposing parties sang back 
and forth at each other while a judge sang out his opinion to the enthralled crowds. 
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These musical battles often went on for days until either a decision was made or they 
simply collapsed from exhaustion. 

I’ve longed to hear live Lisu music for decades, so I was excited to learn that my 
hosts in a remote mountain village had planned a traditional performance the next 
day. I even joined the band and played a Lisu flute (but very quietly; no point adding 
a bit of hell to such heavenly music). 

As I checked out of the Hilton early the next morning, TV reporters asked to 
interview me. They quickly lost interest when they found I wasn’t a kayaker but I’m 
certain the stories I was to hear were far more exciting than anything the reporters got 
from the sports teams. I also met passionate anti-poverty team leaders who frankly 
divulged both successes and failures. I heard the stories of unforgettable villagers like 
the 33-year-old Lisu farm girl who rose from poverty to become a businesswoman 
driving a BMW. She shared her story while her family prepared a festive meal on 
the rooftop. I could see why James Fraser, who 100 years ago helped invent the Lisu 
script, said that the beauty of these mountains rivaled that of his beloved Swiss Alps. 

Pd wanted to visit the Lisu when I drove through West Yunnan in 1994 on my 
way back from Tibet, but the roads were not much better in 1994 than a century 
earlier when the Lisu crossed the river on zip lines, and James Fraser, a veteran 
mountaineer, spent four days hiking the 44 miles from Tuofeng to Baoshan. Fraser’s 
daughter wrote of her father’s trek, “He was going on foot because no mule could 
negotiate the steep inclines or ford the torrents of the Salween River.” 

I was thankful that today the trip was a two hour drive instead of a four-day hike 
like the one that Fraser described in his journal: 


Such a magnificent view, wide and sweeping, made me pause awhile to take it in — range 
upon range of dark mountains swathed in cloud, and in the far distance the forbidding mass 
of the Salween Divide barring the way like a solid wall. Down, down, down, every now and 
again stopping to take in the grandeur of the scene until almost sundown when we reached 
the Lisu village of Shui Chen, wet, bedraggled and weary. 


Fraser was enthralled by Yunnan’s beauty but even more captivated by the Lisu, 
whom he first encountered in a Tengyue Chinese market: 


You could hardly miss them. They wore turbans, ornamental sashes, and white leggings. The 
women wore colorful costumes ornamented with shells and beads. 


But when Fraser tried speaking to them in Chinese, he found “they didn’t understand 
a single word.” Many called Lisu the “monkey people” because they did not speak 
Chinese and lived in remote hillside bamboo huts. Their prowess with the bow was 
legendary; youth would shoot apples off their girlfriends’ heads just for sport. But in 
spite of their hunting skills and subsistence agriculture, they still barely managed to 
survive. Even into the twenty-first century, over 71% were impoverished, and many 
died young from easily treatable injuries or illness. 

In 2012, Yunnan Province formulated its “Overall Plan for Poverty Alleviation 
in Nujiang Prefecture (2013-2017)”, and in October 2016, Nujiang set its goal even 
higher with its “Comprehensive Well-off Action Plan for Fighting against Poverty 
in Nujiang Prefecture”. The changes I’d see only three years later were astonishing. 
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In 2019, as we drove up the “Meili (Beautiful) Highway” high above the Salween 
River, we saw miles of new apartment complexes, replete with solar lights and water 
heating, that the government had given Lisu for free to help them escape hazardous 
and short-lived lives in the inhospitable mountains. The change was possible, of 
course, because of the tremendous investments in funds and manpower made by the 
government at all levels, but as Chinese leaders learned in the 1980s, money alone 
can’t fix the problem, and if not careful, aid can create dependency. The key to lifting 
the Lisu from poverty was not simply pouring money into the problem but sending 
passionate leaders who volunteered to leave careers and families for three years at a 
time to live and work with the poor they served. 

But many of these leaders were shocked when they arrived with grand, good- 
intentioned goals only to discover that many Lisu were content to remain in poverty, 
and even fatalistically accept their children’s diseases and early deaths, because they 
had never known anything else. So more important than mere economic aid was the 
change in the Lisu’s attitudes. The Chinese volunteers’ passion and perseverance 
opened their eyes and gave the Lisu the vision and courage to help lift themselves 
from poverty. 


Axing the Doors 


Fugong County’s Public Relations Chief Guo Jianwen was animated as he shared 
successes and failures. Given their short, difficult lives on the mountains, Guo had 
expected Lisu to jump at the chance for free new homes in the valley, but many of 
them didn’t want homes, jobs or education—or money! 

“Many people didn’t even want money,” Mr. Guo said, “because they didn’t see 
the use for it. Money was useless on the mountainsides where Lisu grew or made 
everything they used. Only rarely did they descend to the valley floor to sell a chicken 
for a sack of salt.” Before concrete roads were built up the vertical precipices even to 
remote villages, some people spent their entire life, cradle to grave, on the mountains, 
never descending once. 

“They had a heartfelt fear of leaving their mountains!” Mr. Guo said, “so we said, 
‘Just try it for a while. If you really don’t like it, then you can return to the mountain. 
After all, the mountain land will still be yours.’” Guo grinned. “Not one Lisu who 
tried life down below ever returned to the mountaintop. After all, everyone wants to 
live a good life.” But Guo never imagined what would happen next. 

Mr. Guo knew that many Lisu were illiterate and could not speak standard Chinese, 
but he never imagined that they’d never seen a key. “One village had 320 households 
with new apartments. Within half a year, we had to replace doors and locks for 120 
households. They had no idea how to use the keys so they chopped the doors down 
with an axe.” 

Since then, they are careful to teach Lisu how to use keys, electricity, and 
appliances. 
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“We don’t just give them keys to a new house but everything else to make them 
as comfortable as possible because they are completely unused to life in the valley,” 
Guo said. “We felt we’d done well when we even bought them sofas, curtains and 
quilts, but they complained they had no firewood like on the mountains to keep warm, 
so we went out and bought extra quilts.” 

“Our officials in the village have no rest days,” Guo said. “Some of us only see 
our family once or twice a year. We’re like nannies.” Guo sighed. “I did not care for 
my own parents as well as we do the Lisu.” 

In addition to free homes, the Lisu were given vocational training and jobs, and 
many agreed to work in Zhuhai for over 3,000 Yuan per month. With a 10,000 Yuan 
government subsidy tacked on, they can earn 50,000 Yuan a year. “A family of six 
working in Zhuhai can earn 20,000 Yuan a month,’ Guo said. 

But Guo’s biggest bugbear was education. “No schooling, no future!” he said, 
but many feared that if their children got an education, they’d leave home and then 
they’d have no one to care for them in their old age. And even the children themselves 
saw no practical use for an education. Guo said, “To get children to attend school, 
we had to go to their homes to get them! And they’d be in school one day and run 
away the next. So we had to bring the children down from the mountains one by one, 
buy them school bags, clothes, shoes, and take them to school — and even then some 
would sneak back to the mountain as soon as we’d left them at the school, and we’d 
have to go get them again. 

“We had one student who dropped out of school so he could work in Jiangxi,” 
Guo said. “We spent 25,000 Yuan to fly two officials to Jiangxi to track him down 
and persuade him to return. Other youth went to Tibet, and so we followed them 
to Tibet. We had no choice because Xi Jinping said, ‘No child left behind.’ So no 
matter where they went or how much it cost, we had to get them back!” 

Some students who moved to Yuanjiang County in south central Yunnan flatly 
refused to return, so Guo contacted Yuanjiang County officials and arranged for the 
students to study there. “We give them a small stipend and phone once a week to 
confirm they’re still studying,’ Guo said. “If we lose contact, we send someone to 
check up on them. If they don’t study, we are held accountable, so we can’t let one 
student drop out.” 

In spite of frustrations, Guo was enthusiastic about the successes already under 
their belt, and happy to have colleagues like Duan Jiazheng, who is first secretary of 
the Party branch of Zanli Village and just as passionate as Guo about ending poverty. 


Passionate Barefoot First Secretary 


Like many other first secretaries across China, Duan put on hold a very promising 
and lucrative career to leave his family for a three-year stint fighting poverty. As soon 
as he’d graduated from college, he had risen rapidly in the ranks from agricultural 
technician to director of agriculture, director of supply and marketing cooperatives 
and director of development and reform. 
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“How on earth did you end up here?” I asked, “when you had such a future ahead 
of you?” 

Duan smiled. “I was born in a peasant family, so I am passionate about poverty 
alleviation.” In 2015, he visited Zanli Village to understand the causes of poverty and 
wrote a report for the leadership, who set up a poverty alleviation office for Duan. 
“This was the first time a state-owned company set up such an office,’ Duan said. 

When Duan first arrived, 68.9% of the people were below the poverty line, so he 
and his team visited each household to understand their situation and determine the 
best approach. Today, 100% of Zanli Village’s 150 households and 583 people are 
above the poverty line. “We left no one behind,” Duan said proudly. 

While working at the Agricultural Bureau, Duan had negotiated a loan with the 
World Bank and British government, so he used his rich experience with farmers, 
business and government to fight poverty through business. Duan set up a company 
as a poverty alleviation platform, as well as an agricultural coop and a pig farm. 
Villagers were dismayed when their pigs were slaughtered during the swine fever 
epidemic, but Duan rebounded rapidly and led them to raise over 86,000 chickens. 
“Each registered family was given five chickens per capita,’ Duan said, “and 4 kg of 
feed for each chicken.” 

After the swine fever disaster, Duan was careful to avoid putting too many of Zanli 
Village’s eggs in one basket. The village now has, per capita, 5 acres of grass and fruit, 
1 acre of tea and 2 acres of walnuts. He has also promoted industry support with grass 
and fruit processing plants. “We must shift from public welfare to marketization,” 
Duan said. “In the past, we used “blood transfusion’ to help the poor, and everything 
was directly given to the people. Now we have a ‘point system management’ that 
benefits those who work.” 

“Zanli villagers’ thinking has changed greatly over these four years,’ Duan said. 
For example, they used to think that bathing was harmful to the body. Now when we 
visit homes, they are clean, with clothes hung neatly and quilts stacked. 

“Our 81 Lisu forest rangers used to destroy the mountains with slash and burn agri- 
culture or chopping firewood. Now they are paid to protect the forests and wildlife, 
and our forest coverage is over 85%. If we want to turn ecological advantages into 
economic advantages, we must protect the environment. This is the basis of our 
development.” 

Duan has also promoted infrastructure. “It used to be expensive to build a house 
because there were no roads to transport building materials, and it was expensive to 
get produce and products to markets. In 2016, we had 147 landslides. Now, every 
person in our village has access to roads.” 

Duan is also proud of the free houses they’ve given Lisu. Not only are they safe, 
and clean, but the Lisu are delighted that, like homes for other minorities around the 
country, they have elements of traditional tribal architecture. 

Like Guo Jianwen, Duan was also frustrated with youth who did not want to 
study. A decade ago, many youth dropped out of school—even elementary school— 
but Duan no longer has a dropout problem. Fugong County gives one million Yuan 
yearly to help cover tuition and an 800 Yuan monthly living allowance for poor 
students who have passed the college entrance exam. “We tell them, ‘Knowledge 
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makes the future.’ Today, Zanli Village has 234 students, including nine college 
students and 27 middle school students. Most are elementary school students. I think 
the change is huge.” 

Duan smiled, happy with his village’s achievements. “We are all from the coun- 
tryside and we are all farmers. We have responsibilities and feelings. We are rural 
people and have deep roots. There is no reason why we should not do a good job in 
fighting poverty. General Secretary Xi said that we cannot leave our minority groups 
behind, or allow any to remain in poverty. Although we may only be a village or a 
family, we are really doing practical things and benefiting the common people.” 


Mr. Zhao Yu: A Minority First Secretary 


I was excited to learn of minority first secretaries like Mr. Zhao Yu, Chishadi Village’s 
first secretary. A Bai ethnic member with a master’s degree, he volunteered in 
February 2017, to help the Lisu and was sent to Lumadeng Township and then 
to Chishadi Village. 

Zhao Yu was so dismayed by the Lisu’s endemic poverty that he immediately 
conducted numerous in-depth surveys and met with many Lisu to better understand 
their problems. He learned that the cause of Lisu poverty was not just economy but 
also psychology, with villagers waiting idly for aid and lacking the energy or courage 
to tackle poverty themselves. Zhao addressed this problem with a heavy emphasis 
on education and motivation. 

Chisadi’s impoverished farmers relied mainly on raising pigs and planting tea, 
grass and walnuts and by the end of 2017, 302 people of 80 households had been 
lifted from poverty, and another 339 people followed in 2018. Zhao Yu saw that, like 
most other impoverished areas, Chisadi’s poverty was rooted in poor infrastructure, 
over reliance on subsistence agriculture, and illiteracy and lack of education which 
prevented the people from getting vocational training and better jobs. These problems 
were beyond Zhao’s ability to solve so he asked the government for help. 

Many farmers the world over are trapped in poverty because they sell their agricul- 
tural products by the ton as cheap commodities with middlemen making about 88% 
of the profits. But Zhao Yu helped Chisadi villagers recover some of these profits in 
April, 2018 when he helped acquire thirty acres of tea plantations and tea processing 
plants worth | million Yuan. The 21 households who formed a collective to pick and 
process the tea each earned over 40,000 Yuan, which was far more than they had 
earned selling unprocessed tea. 

In 2017, Chisadi Village’s total income was 11.35 million Yuan, with farmers’ 
per capita net income exceeding 6,200 yuan, an increase of 600 Yuan per capita over 
2016. The village’s investments are now quite diversified with over 4,530 acres of 
grass and fruits, producing 2.4 million Yuan annually, 3,450 acres of walnuts, 20 acres 
of camellia, 98 acres of peppercorns, as well as 2,400 acres of tea that generate 2.5 
million Yuan annually. They’ve also built 350 beehives and Zhao Yu trained several 
hundred people in everything from construction and livestock breeding to domestic 
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services and the manufacture of fine tea cakes to sell with their increasingly famous 
black tea. 

In July, 2019, Chisadi opened a supermarket and five small scale industries. As 
a minority himself, Zhao Yu was keen on understanding Lisu folk customs. As Xi 
Jinping had shown with Fujian’s She minority in the late 1980s, and later the Miao and 
other minorities, ethnic culture, crafts and practices can often be used to create a niche 
in tourism and manufacturing, so Zhao led the villagers to start four cooperatives 
that gave three months training to 48 people to produce ethnic apparel. 

In keeping with national guidelines, Zhao was careful that development did not 
come at the expense of the environment. To protect the forests, the government has 
invested in “electric firewood”, including 269,100 Yuan on 69 solar water heaters, 
and has employed eight villagers as forest rangers. 

Not surprisingly, Chisadi villagers have come to love First Secretary Zhao Yu 
as one of their own—especially after he saved one of their children. On December 
6, 2018, Zhao Yu discovered that a man’s two-year-old grandson, You Deng, had a 
fractured thigh that had not been reset for ten days, and the badly infected injury was 
being treated by a rural herbalist. The family had no money for medical treatment so 
Zhao Yu gave the father 500 Yuan of his own and urged him to have the child treated 
in the hospital. The child was saved. 

Given these first secretaries’ passion and compassion, it is no wonder that they 
have won the respect, trust and love of the Lisu who only three years ago were the 
“poorest of the poor” but today are beginning to prosper—Lisu like the farm girl 
turned-business lady Miss Hu Xiuhua. 


Entrepreneurial Miss Hu Xiuhua 


Miss Hu Xiuhua, a 33-year-old entrepreneur, shyly showed us around her child- 
hood thatched home with its central fire pit around which the family gathered in the 
evenings. Today, she has a new, modern home with wall-mounted TV and modern 
appliances, and drives a BMW up the winding narrow concrete road to her remote 
village. 

Xiuhua is proof that Xi Jinping’s emphasis on cultivating self-reliance is the most 
farsighted approach. Although Xiuhua faced her share of heartaches and failures, 
today she’s confident in the future for herself and her village. 

A native of Fugong County’s Zhuminglin Village, Xiuhua’s parents are typical 
farmers whose harvests were never enough to meet the family’s need for food and 
clothing. As a child, Xiuhua dropped out of school to help her family. For over 
ten years, she tried her hand at everything from selling vegetables and agricultural 
products to mixing concrete at construction sites. When she was in her twenties, her 
diligence and persistence caught the attention of Heng Lipu, first secretary of Minghu 
Village, who encouraged her to build upon her experiences. Ms. Hu started an engi- 
neering project, mixing sand and cement herself to learn the basics of construction. 
By 2014, Xiuhua had contracted some small projects on her own, but profits were low, 
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the work difficult, and she was often embarrassed when she could not pay workers 
on time. She almost gave up several times, but in late 2018, just as she was about to 
call it quits, she had a providential encounter with Li Changzhi, who was in charge 
of the Third Aviation Bureau of China Communications Group Corporation. Li was 
so impressed by a retaining wall that Xiuhua had built on the Meili Highway that 
she invited Xiuhua to work with her group, but Xiuhua was leery, given her previous 
setbacks and failure to pay her workers on time. 

“Don’t worry,’ Li Changzhi told her. “We will pay on time, and you can always 
pay your workers on time.” 

The pledge of always being able to pay her workers on time caught Xiuhua’s 
attention, but she was still anxious and unconvinced. Li Changzhi said: “The village 
leaders and I must have gone to her home at least 10 times to convince her. We want 
to help the poor,” Li said. “I will not lie to you!” 

Xiuhua finally agreed to take her first plane trip to see an expressway construc- 
tion site. Xiuhua was astonished at the scale of construction and the professional 
equipment, but also intimidated. She had experience only in small projects, and also 
worried her team would not leave their valley. 

“TIl arrange a 2,000 squ. m retaining wall as a test,’ Li Changzhi said, “and you 
can see how you do.” Xiuhua was still conflicted, but in her heart she thought, “This 
company really cares about us. I can’t let the leaders down. I have to at least give it 
a try.” 

When Xiuhua showed up at the construction site with her team of farmers, she 
was relieved that no one ridiculed her. In fact, the experienced contractor embraced 
her, and the shy country girl did not hesitate in asking for advice. Everyone chipped 
into give direction and support, and her team grew from nine to over 40. She won the 
contractor’s trust and respect by finishing the test project within a month. But what 
really excited her was that she could pay even the lowest skilled workers over 4,000 
Yuan per month and over 7,500 Yuan monthly to staff—and never once were wages 
in arrears. 

Xiuhua was delighted, but First Secretary Heng was not about to let the newly rich 
farm girl rest on her laurels. “You are doing well,’ she told Xiuhua, “but you need 
to help more villagers broaden their horizon, prosper, and help eradicate poverty.” 

Secretary Heng helped develop village labor export policies with subsidies to 
ensure stable employment and adequate pay. Xiuhua and her fellow villagers were 
prospering within a year, and she bought her first car—a BMW. Today, she is 
outwardly rich but inwardly she’s still the same, shy country girl. Every time she 
returns home, she helps her parents with farm work and visits the village’s elderly. 
She’s quick to help anyone who is sick or disabled, or unable to go to school. A school 
dropout herself, she says, “I don’t want any child to have to drop out of school.” 

Xiuhua’s fellow villagers are proud of her, but she is quick to point out that without 
the guidance, encouragement and support of village leaders, she’d have never dared 
leave her Salween Valley. Today, she says, “I hope to use my personal energy and 
blog power to help more people in need.” 
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Ecological Lisu 


My visit to Lisu land ended all too quickly. I could have spent a month exploring 
Yunnan’s innovative anti-poverty program, especially its ecological initiatives. Only 
a decade ago, for example, Lisu were contributing to deforestation and erosion by 
their slash and burn agriculture and use of trees for fuel. Today, 13,889 are employed 
as ecological forest rangers, 2,279 are geological disaster monitoring managers, 1793 
are river course managers, and 891 are border guards. The post of ecological forest 
ranger alone has increased the income of 48,800 people—fully 30% of the poor 
population. 

The sheer comprehensiveness of the Lisu development programs is mind- 
boggling, but over the decades, I’ve driven over 200,000 km around China and seen 
the same determination in every corner of the country. The more I see and learn, the 
more I think these invaluable anti-poverty lessons should not be wasted but compiled 
in manuals to help fight poverty not only in China but also in many countries already 
benefiting from Xi Jinping’s BRI. 

But reproducing strategies is one thing, reproducing the spirit behind them is 
another. I cannot imagine other countries’ bureaucrats fighting poverty with as much 
passion and perseverance as China’s first secretaries. It’s the age-old Chinese spirit 
that has kept the dream of ending poverty since Liberation in 1949. This ancient yet 
forward-looking spirit is embodied in Chinese I’ve met all over the country, from 
leaders to farmers in their fields. But as Walt Whitman wrote, quite often the best is 
right at home—people like my friend, XMU security officer Zhou Dexin, whom I 
discovered I really did not know at all. 

Just as my summer drive was ending, I read in the news that for the past several 
years, Mr. Zhou had been safeguarding the campus by day while studying by night 
to get his university degree, finally graduating at age 53. 

I’ve never met a man so driven as Mr. Zhou, and I asked him what moved him to 
get a degree in law. Surprisingly, his inspiration was an Indian movie about injustice 
that he saw as a child. 

I look forward to people in other nations being inspired by a Chinese movie! 
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Chapter 14 A) 
Zhou Dexin: Chasing the Dream get 
with Mind, Body and Spirit 


Will you seek afar off? You surely come back at last, 
In things best known to you finding the best or as good as the best, 
In folks nearest to you finding also the sweetest and strongest and lovingest... 
Walt Whitman, Leaves of Grass 


I’ve met amazing people all over China, from the mother in remote Inner Mongolia 
who earns enough making traditional Mongolian snacks to pay her daughter’s univer- 
sity tuition to first secretaries who live and work with the poorest of the poor to lift 
every single household from poverty. And I’m astounded by the sheer number of 
Chinese who volunteer to serve in extreme conditions like 5,000 m high Tibetan 
villages. I could write an entire book on each of these people. But Walt Whitman 
would not be surprised that I’ve met some of the most inspiring people right outside 
my own front door. 


How I Failed at Teaching English 


In the early 1990s, four campus laborers asked me to teach them English each day 
during lunch. I politely declined with, “I’m really sorry, but I teach business. I’ve 
never taught English.” One laughed and said, “No problem! We’ve never studied it 
either!” 

After three months of little progress, they finally abandoned the idea, though they 
insisted the fault was theirs, not mine. For months, every time I saw them on campus 
with shovel or pickaxe in hand, I felt guilty for being such a poor English teacher 
and for letting down these young men. They gradually moved on, but five years later, 
one showed up at my office with a large basket of fruit. “I was a poor student,” he 
said. “I barely learned the ABCs. But your faith in us gave me confidence to take 
night classes in accounting. I then got a good job, worked hard, and over time was 
promoted. I’ve just built a new house in my hometown for my family and I hope you 
will visit!” 
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I also had two friends who lived in a tiny loft above a clothing shop outside 
the university. The two of them ran the shop which was so small that with arms 
outstretched I could touch both walls with my fingertips. They worked 24/7 but were 
cheerful and optimistic and ready to serve tea every time they saw me. “There’s great 
opportunity now if you work hard!” they said. Their shop faced Nanputuo Temple, a 
top tourist spot, so business was brisk and in a few years they opened a second shop, 
and then a factory to produce their own clothing, and bought a truck for deliveries. 
They’re now well off with a beautiful home and drive an imported luxury sedan. 


From XMU Maid to Millionaire Philanthropist 


My favorite story is that of Ms. Yangying, the farm girl with four years of education 
whose dream in 1981 was to rake in 20 Yuan a month as a Xiamen University 
professor’s maid. She was already a multimillionaire philanthropist in 1997 when I 
helped her start Xiamen International School (XIS). Today, Yang Ying still comes 
across as a shy farm girl but owns several international schools and an innovative 
biotechnology company. And like many newly rich Chinese, she’s giving back to 
her country by giving 60 million Yuan to charity, earmarking 300 million Yuan for 
1,000 Hope schools and supporting each of the 400+ retirees in her rural hometown. 
But when I met her in her home, David Wei, XIS principal, pointed out to me that 
she was still wearing the same 20 Yuan shoes she’d worn for years. She reddened, 
and said shyly, “Both Buddhism and Christianity teach ‘selfish to self, generous to 
others.’” 

I know many rags-to-riches stories like Yang Ying, but China’s goal is not a nation 
of millionaires, which is impossible, but “moderate prosperity” for all—and this is 
exemplified by my friend Mr. Li. For over 20 years he has worked hard as a street 
sweeper and grounds keeper at Xiamen University. He takes his job seriously, and is 
proud of his contribution to helping Xiamen University keep its reputation as the most 
beautiful campus in China. He works rain or shine, and when a typhoon devastated 
our campus, he was out with his colleagues cleaning up even before the winds and 
rain had ceased. But Mr. Li’s pride and joy is his son, who attended university. A 
street sweeper’s son in university? That too is the Chinese Dream. 

Walt Whitman was right; truly the folks closest to me are the best, but I completely 
underestimated one man I’ve seen almost daily for seven years. 


XMU Gate Guard Scholar 


In the summer of 2019, just as I was leaving for my 20,000 km drive around China, 
several friends asked if I knew that my friend Zhou Dexin, a 53-year-old university 
gate guard, had just received a Xiamen University degree in law. “I had no idea!” I 
said, though knowing Dexin, I should not have been surprised. 
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For years, Dexin has saluted me sharply every time I enter XMU’s gate, and I 
return his salute (not as sharply, I’m afraid) because I respect this former soldier 
for his professionalism and discipline. But I never suspected just how driven he was 
until I learned he had graduated from XMU after five years of part-time study, and 
two of those five years was honored as an “outstanding” student. 

Reporters who knew that Dexin was my friend asked me so many questions about 
him that I finally suggested a group interview in my apartment because I too wanted 
to know what put our university gate guard on a path towards the legal profession. 
Many people have shared that they were influenced by a devoted teacher, or an 
inspirational book, but Dexin was the first person to tell me that his passion for law 
was kindled in childhood by a foreign movie. 


Indian Movie Sparks a Chinese Dream 


“T m from Chongqing,” Dexin began, “the home of hotpot. I had many brothers and 
sisters so life was hard for my family, but when I was young, I happened to see a 
1951 Indian movie, Vagabond (Awaara),' and I was very shaken by the plot. The 
prejudiced judge believed that a good man’s sons are always good and a bad man’s 
sons are always bad. I knew this was wrong, however, and I wondered in my heart if 
I could find a way to diligently study law, and seek true justice for everyone, showing 
partiality to no one, whether righteous or evil. But that childhood dream died as I 
got older and entered technical school. And even then I was unhappy with life so I 
entered the military to see if I could do better.” 

“How old were you then?” I asked 

“T was not quite 18, so I stretched my age a little so I could join. I was assigned 
to the Northwest Field Army.” 

The Northwest Field Army had a proud tradition. In the 1940s, it had repelled 
a Kuomintang offensive against the revolutionary bases in Shaanxi, Gansu and 
Ningxia, which allowed the army to regroup and lead a successful counteroffen- 
sive. But in the mid-1980s, conditions across China were difficult—especially in the 
army. “We mainly ate steamed buns but I was a Southerner used to eating rice. I 
couldn’t stand steamed bread three times a day so I didn’t last long in the army.” 


Losing the Dream 


Young Dexin rejoined civilian life just as China’s reform and opening up was gaining 
steam, and he astutely saw that the future was in the east. “The greatest opportunities 
were in coastal cities, especially special economic zones like Xiamen, so we moved 
here,” Dexin said. “But as an outsider I felt lost when I arrived. I first labored in 


ln 2012, Avaara was included as one of TIME Magazine’s “All-time 100 Greatest Films”. 
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a factory and then ran a small shop for myself, but after a dozen years I finally 
realized there was no future in this. By 2013, I no longer had clear, long-term plans 
— just the same, simple goal as any other wage-earner. But then I got a job at Xiamen 
University as a gate guard, and on occasion I’d see in the news that Peking University 
had accepted gate guards as students, and I wondered if that would be possible at 
Xiamen University.” 


XMU Rekindles Zhou’s Dream 


Peking University was a pioneer in giving free training to migrant workers but the 
target was young people around 20 years old, and the classes were in career devel- 
opment, culture and work skills. But in 2014, Xiamen University went a step further 
when it boldly offered degree programs for campus staff and workers. 

Dexin’s childhood dream of studying law was rekindled and he applied. “It was 
not easy,” Dexin said. “I was one of the last people to receive the admission notice. 
At that time, the university was not that keen on me because they feared that, being 
so old, I would give up halfway.” 

“Yes, this attitude towards older people is a problem,” I said, “but it is improving, 
probably because more and more people in China are old like me!” 

“Things are improving,” Dexin agreed. “At that time, only Xiamen University 
gave such an opportunity, and they’d only started in February 2014. Today, everyone 
offers such opportunities — so I really want to thank the school for leading the way. 
I buckled down for five years, working by day and studying by night. But I also 
received much help from many Xiamen University teachers and students, and after 
five years of hard work I reached my small goal.” 

“Small goal?” I laughed. “Xiamen University is one of China’s Top 30 schools. 
Even full-time students find it challenging but for you it was just a ‘small goal’?” 


“Bigger Utensil Takes Longer to Make” 


Mr. Zhou started late in life, but I suspected he still had further plans. “What do you 
plan next?” I asked. 

“My next step,” he said, “is to take the national legal qualification examination at 
the end of this month. After the exam, I will do an internship at a law firm for over 
a year, and then take the exam for the lawyer’s professional qualification certificate. 
That’s roughly my plan.” 

“You’ve obviously changed a lot since you quit the army because you could not 
stomach steamed bread three times a day,” I said. “What does your wife think of your 
achievements?” 

“My wife and child now live here in Xiamen with me, but they are very stolid 
about my ambitions. Regardless of what I do, or whether the media seek me out or 
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not, in their view I’m still the husband, still the father. They neither support me nor 
object to anything I do. I accept that, but I never imagined that society at large would 
look so favorably on what I’ve done.” 


Zhou’s Greatest Lesson 


“So what has been your greatest lesson in all this?” I asked Dexin. 

“In summary, I would say that study can improve our own knowledge while also 
heightening our awareness of the world around us. But, frankly, another purpose for 
my study was to show people that if I could do it, they too could certainly do it. P?’ m 
over half a century old, and my memory obviously can’t compare with that of young 
people. So I just want to tell young people that in today’s social environment, and 
especially in Xiamen University, they can change their destiny through study. 

“For example, after getting an undergraduate degree, you can take the law test. 
After that you can be a lawyer, prosecutor and judge. As a law student, you can 
have an advantage in competing for any civil service position, or else get a relatively 
easy job in any work unit. Every work unit needs legal persons to deal with the 
contradictions encountered in some daily affairs. So—be sure to study! 

“Tf you lack ability or talent to achieve your dream, you can only improve yourself 
through your own efforts. Just calm down and study. The beauty of life is in the 
struggle, not in sitting back waiting for glory to come to you.” 

Dexin must be a mind reader, because just as I was thinking he epitomized the 
Chinese Dream, he said, “Everyone talks about the Chinese Dream, but what is it? 
It is the dream of the Chinese civilization, nation and people — the dream of learning 
and the dream of passing the college entrance examination. Learning is the way for 
everyone to realize their dream. That is why Xi Jinping has always emphasized that 
China must be a learning power. Only through learning can we know and understand 
the world.” 


Zhou’s Chinese Dream 


“What is your Chinese Dream, Mr. Zhou?” a reporter asked. 

Dexin thought a moment, and then replied, “My dream is that I will have oppor- 
tunities to learn throughout my entire life. Then together we can carry forward the 
spirit of our nation. The soul of a nation has a great impact on a person. We must 
have backbone. But nowadays the Chinese Dream has a physical problem, too. Many 
Chinese, young and old, are potbellied and sickly. They don’t have the constitution 
to carry out the Chinese Dream, or cope if we face an emergency.” 
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“You remind me of Mao Zedong’s first published article,’ I said, which he 
published in 1917 when he was 24. “In ‘A Study of Physical Education’, he encour- 
aged people to exercise because if the people were not strong, the country could not 
be strong.” 

Mao wrote: “The only calamity that can befall a man is not to have a body. What 
else is there to worry about? If one seeks to improve one’s body other things will 
follow automatically.” 

Dexin is certainly not sickly. He pushes himself as much physically as mentally 
with such a strict military regimen of exercise that from the neck down he looks just 
like the Kung Fu legend Bruce Lee—not an ounce of fat on his body. 

Dexin smiled. “As Mao Zedong also said, ‘The body is the capital of the 
revolution.” 

“And today,” I added, “the body is the capital of reform and opening up.” 

Dexin sombered as he went silent, then said, “Six of my classmates in my junior 
high school photo have already passed on. People need to be alive and healthy, to eat 
and drink, and to read and learn. In this way, the dream of happiness is in reach of 
everyone — or that’s my understanding, at least.” 


Zhou Dexin’s Philosophy of Life 


A reporter said, “I think Mr. Zhou has his own philosophy of life.” 

“Yes,” Dexin agreed. “What is most beautiful is to let nature take its course. Only 
in this way can we be more relaxed, and have the time and energy to achieve our 
goals one by one. And if we succeed or fail, what does it really matter? I’m not the 
only one to fail at something.” 

“And your dream is still to pursue law?” the reporter asked. 

“Yes, I’ve always been interested in law, and law is very practical for the world 
today. Just look at China and the United States, for example. What were once called 
trade wars were then labeled trade disputes and are now simply trade frictions. There 
are many key issues between nations because countries, like people, may be selfish.” 

The reporter had one last question. “Now that you are famous, Mr. Zhou, and 
getting more and more attention, what changes do you expect in your life?” 

Dexin chuckled. “Regardless of circumstances, my priority is always to continue 
doing my job well. The job of campus security is very challenging, but overcoming 
these challenges can improve both myself and my entire team.” 

As Mr. Zhou and the reporters left, I was thankful that I live and work daily with 
people like him. As I’ve often said, China has a common language but does not have 
any common people. Thank you, Zhou Dexin, for showing not just your team but 
the rest of us as well that to achieve the Chinese Dream, we must fortify mind, body 
and spirit. 

And if I ever need a lawyer—I’Il call Zhou Dexin. 
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How China Enlightened Seventeenth Century Europe 


It was good to be back in Xiamen after driving 20,000 km in 32 days, but I only had 
one night in my own bed before heading to the Fuzhou capital, where I felt honored 
to give a lecture to provincial government leaders. 

I’ve watched how China produces leaders during my three decades in Xiamen. 
Xi Jinping, for example, was a very young Xiamen vice mayor until the summer we 
moved to China. He was then assigned to Ningde, one of China’s 18 poorest counties. 
He tackled poverty so passionately that he was promoted to provincial leadership, 
then on to Shanghai and up the ranks to president. He was promoted because he was 
passionate and proficient. I’ve also known others who did only what was required, and 
they were not promoted. And that’s ok, because we also need people with experience 
at the bottom levels as well. 

China has been a meritocracy for most of 2,000 years, which is why many seven- 
teenth and eighteenth century European leaders felt China’s greatest innovation was 
not its four great inventions but its “Art of Government”. China’s government was so 
unlike the West’s staid hereditary aristocracies that the Jesuits’ translations of Chinese 
political and social philosophies helped stoke Europe’s seventeenth—nineteenth 
century Age of Enlightenment. 

I hope that New China will inspire the world to seek an Age of Moderate Pros- 
perity—and that might happen, thanks to people like Dr. Huang Chengwei, former 
director of the National Poverty Alleviation and Education Center of the State Council 
Poverty Alleviation Office. I was honored to meet Dr. Huang in his Beijing office 
and gain a better grasp of China’s fight against poverty—and not just at home but 
abroad. 

But first—an introduction to China’s 5th Great Inventions, which continues to 
this day to produce leaders like Dr. Huang. 
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Part II 
China’s 5th Great Invention: Art 
of Government 


Chapter 15 A) 
China’s 5th Great Invention E 


... Chinese had Bells, Gunpowder, Lodestone, Compass, and Art of Printing for many ages 
before Europe: But that what they are universally allowed, even at this day, to excel all other 
Nations in, is, The Art of Government. 


Eustace Budgell, English Politician, 1731 


As a leadership and strategy professor, I’ve been most impressed by how the world’s 
most populous nation has conducted its complex anti-poverty campaign so thor- 
oughly and rapidly at every level from provincial to county, city, village and even 
household. It is a miracle of both management and motivation. No wonder the 
eighteenth century English politician, Eustace Budgell, wrote that China’s greatest 
innovation was “The Art of Government”. 

Even 2,000 years ago, Emperor Han Wudi engaged in many reforms that today 
we consider “modern”. In attacking corruption, he removed all non-central govern- 
ment road tolls—as modern China did in the mid 1990s—and returned many of the 
sycophantic noblemen to the countryside. These idle aristocrats were furious when 
he replaced them by recruiting talented commoners for government positions and 
this meritocracy was so successful that it lasted for most of 2,000 years. 


How China Influenced Western Government 


China’s meritocracy-based government impressed Western governments so much 
that, in 1832, England adapted the imperial exam to India, and in 1846 applied it to 
England as the British Civil Service Exam. British nobility were as indignant as the 
Chinese nobility had been 2,000 years earlier. In a parliamentary debate on July 17, 
1863, an indignant English nobleman complained, “The English people did not know 
that it was necessary for them to take lessons from the Celestial Empire [China].”! 


! Hansard’s Parliamentary Debates, Third Series, Vol. CLXXII, Cornelius Buck, London, July 
1863. 
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As it turned out, the entire world was to take lessons from China. In 2013, the 
BBC wrote that all “modern job recruitment” had been inspired by China’s ancient 
system of hiring people based on ability rather than social connections.” 

A cursory overview of China’s history reveals why Budgell was so enthralled by 
Old China’s “art of government’. Over 2,000 years ago, the Chinese government 
supported research in everything from poetry and music to agriculture and engi- 
neering. About 256 BC, Governor Li Bing transformed Sichuan into West China’s 
breadbasket with the Dujiangyan irrigation project, which to this day irrigates over 
5,300 squ. miles of land—and without the environmental issues of modern dams. 
From 1916 to 2016, the U.S. destroyed 1,384 dams because they hindered the natural 
migration of fish, but Dujiangyan has provided irrigation and controlled flooding for 
2,300 years—all without hindering the free passage of fish or ships. This is because Li 
Bing’s engineering marvel met many needs at once by following a wise 4,000 year-old 
Chinese philosophy of “divert, not dam.” 

When I helped Chinese cities compete in the international competition for livable 
communities, one of the European judges’ favorite mantras was “‘joined-up thinking,” 
which means “thinking about a complicated problem in an intelligent way that 
includes all the important facts”—not in isolation but as part of a whole. That was a 
new concept to the West but holistic thinking has been part of Chinese philosophy, 
government and even medicine for thousands of years. 


Ancient Scholar Bureaucrat Innovation 


The scope of Chinese scholars’ research and innovation to meet the needs of China’s 
vast population is astounding. China used biological pesticides 2,000 years ago, 
and the “Dutch plow” patented in Europe in 1730 was actually invented in China 
2,300 years ago. Chinese built bridges with bio-engineering 1,000 years ago. As 
for medicine, modern China has not had smallpox since 1952, but even 1,000 years 
ago, Chinese inoculated for smallpox and steamed clothes to reduce the spread of 
infection. 

In 1856, the “Bessemer process” of modern steel making was patented in the UK 
but the head of China’s astronomy bureau, Shen Kuo (1031-1095) had written about 
this very process almost 1,000 years earlier. In addition to astronomy, Shen Kuo wrote 
about biological pest control, climate change and prevention of deforestation, raised 
relief maps, pinhole cameras, and music and math harmonics. His fields of expertise 
included geology, archaeology, math, pharmacology, magnetic, optics (he explained 
rainbows), hydraulics, metaphysics, meteorology (and UFOs!), climatology, geog- 
raphy, cartography, botany, zoology, architecture, agriculture, economics, military 
strategy, ethnography, music and divination. 


*https://www.bbc.com/news/magazine-23376561. 
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Anyone who thinks China’s “rigid” Confucian imperial exams squelched scholars’ 
creativity have not read about scholars such as Shen Kuo, or Zhang Heng (78- 
139), who was a scholar, statesman, scientist, engineer, artist, poet and inventor 
of a seismograph that detected an earthquake 1,000 miles away. Or Su Song, who 
1,000 years ago in my home of Xiamen, compiled the vast Materia Medica and 
invented the world’s first water-powered astronomical clock and the chain drive that 
was the precursor to modern mechanization. 


Old China More Market-Driven Than Europe 


Old China also surpassed the West in economy and trade. In the 1700s, China and 
India accounted for 2/3 of the global GDP, and in 2014, Harvard Business Review 
wrote: 

The Chinese invented gunpowder, the compass, the waterwheel, paper money, long-distance 


banking, the civil service, and merit promotion. Until the early 19th century, China’s economy 
was more open and market driven than the economies of Europe.* 


No wonder seventeenth century Europeans marveled at China. It was innovative, 
cultured, and rich. But imagine what Budgell would think of New China, which 
today is not only No. 2 in GDP (USD 11 trillion—14.8% of global GDP) but also 
No. 1 in PPP (Purchasing Power Parity, “a measure which adjusts a country’s wealth 
based on what people can afford to buy.”’) 

The world should be grateful that China is No. 1 in PDP because it is Chinese’ 
newfound wealth that is driving global tourism. McKinsey forecasted that 160 million 
Chinese would travel abroad in 2020, and Chinese spend so much abroad (over USD 
250 billion abroad in 2017) that London’s Marylebone Railway Station now makes 
announcements in Chinese. 

“A true treasure” should never be exchanged for any other “fake treasures” that may harm 

the environment. 

Xi Jinping, November 1, 2014 


Growing and Greening 


While Chinese government has been influenced by Confucian morality, Taoism 
helps account for the ancient emphasis on harmony with the environment (as seen 
1,000 years ago with Sun Kuo’s studies of climate change, deforestation and biolog- 
ical pest controls). Some 2,500 years ago, Lao Zi said in the Dao De Jing (Chapter 25), 
“Man follows the earth, Earth follow Heaven, Heaven follows the Tao, Tao follows 
what is natural.” 


3 Abrami, et al., “Why China Can’t Innovate,” Harvard Business Review, March 2014, https://hbr. 
org/2014/03/why-china-cant-innovate. 
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China has faced many hurdles in attempting to balance growing and greening, but 
as with its war on poverty, it has done at least as well as or better than the nations 
that criticize it. In 2017, National Geographic noted the world had lost one third 
of its arable land over 40 years to erosion and degradation.’ But since 2000, China 
has accounted for a quarter of the world’s greening—two fifths of it from expanding 
forests—even though China has only 6.3% of the world’s landmass. 

When I drove around China in 2019, many of the wastelands I'd seen in 1994 
in Ningxia, West Fujian and Gansu had been transformed into lush grasslands and 
forests, including Inner Mongolia’s “Great Green Wall” of trees in the Gobi desert. 
Begun in 1978 and projected to end in 2050, the project has already planted 66 billion 
trees. 

China now invests more in green technology than any other country, has over half 
of global electric car sales, and has 99% of the world’s electric busses." 

Speaking of busses—China also has the world’s best transportation network. 
When I drove 40,000 km around China in 1994, I averaged only 300 km a day, 
driving 10 to 12 h daily. Today, thanks in part to breathtakingly beautiful bridges and 
tunnels so long that they have electric light shows to keep drivers awake, China has the 
world’s most extensive highway and railway networks. This infrastructure, coupled 
with internet to even the remotest villages, is helping to drive rural development and 
innovation and lure young people to return home from cities. 

China is on track to become the world’s biggest filer of patents. In 2018, China had 
46% of the planet’s patent applications—some 1.5 million applications compared 
to 597,141° from the U.S. applications. China also filed for 53,345 international 
patents (21% of international patents), including 473 of the world’s 608 artificial 
intelligence patents.’ But thanks to government programs to promote rural industry 
and entrepreneurship, rural Chinese are proving to be as innovative as their urban 
peers. 

China has over 4,300 “Taobao” villages, which Alibaba defines as a village in 
which over 10% of households run online stores and village e-commerce revenues 
exceed 10 million Yuan yearly. Farmers receive training in Alibaba’s logistics and 
services to sell local farm products and specialties online. I saw firsthand in a remote 
Lisu minority village in West Yunnan and a She minority village in Northeast Fujian 
the extensive government services and training provided to lure young graduates 
back to help develop their ancestral hometown. Even remote Tibetan herdsmen buy 
and sell online through mobile phones. 


4+https://www.nationalgeographic.com/news/2017/04/china-great-green-wall-gobi-tengger-desert 
ification/. 

Shttps://www.weforum.org/agenda/2019/06/china-by-numbers- 1 0-facts-to-help-you-understand- 
the-superpower-today/. 
Shitps://www.forbes.com/sites/rebeccafannin/2019/10/20/a-look-at-china-beating-the-us-on-pat 
ents-can-be-misleading/#2aec6564302c. 
Thttps://www.weforum.org/agenda/2019/06/china-by-numbers- 1 0-facts-to-help-you-understand- 
the-superpower-today/. 
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I was astonished when I first saw a Ningxia farmer using his cell phone for e- 
commerce. I thought back to the early 1990s when, even in coastal Xiamen, a Special 
Economic Zone, I had to spend USD 450 and wait three years to get our first phone. 


Prosperity Helps Fight Poverty 


China’s greatest achievement, to me at least, is that it has consistently used its 
newfound wealth to tackle poverty. As provincial leaders explained to me, China 
learned early on from other nations’ examples that development alone does not neces- 
sarily benefit impoverished people. There must be programs that deliberately and 
strategically tackle poverty. But once China did begin to prosper, it also consistently 
increased the scope and efficiency of investments to tackle absolute poverty—and 
the results have astounded the world. 

Between 1981 and 2011, global poverty dropped 50%, which is heartening, but 
during that same period, China’s number of poor plummeted 90% from 838 million 
to 84.17 million, and was less than 700,000 in 2015.8 

In 1993, He Kang, former Chinese Minister of Agriculture, received the World 
Food Prize: 


... for implementing the reform policies that enabled China to become self-sufficient in basic 
food for the first time in modern history. This major accomplishment — which Minister He 
was able to achieve in little more than a decade — becomes all the more impressive when one 
considers that China, with over one billion people, has 22 percent of the world’s population 
yet only 7 percent of the world’s arable land. 


In September, 2000, all 191 UN members signed the UN Millennium Declaration 
with its eight goals to achieve by 2015, number one of which was “to eradicate 
extreme hunger and poverty”. China was the first developing country to achieve this 
goal, feeding nearly 20% of the world’s population with less than 10% of the world’s 
cultivated land. 

In 2013, Xi Jinping told a group of Miao minority villagers in Hunan’s remote 
Eighteen Caves Village that he thought China could end absolute poverty by 2020. 
It seemed an off the cuff remark, but the nation took it to heart. Only four years later, 
the UN secretary-general said, “China’s precision poverty alleviation is the world’s 
only way to help the poor and reach the goals of the 2030 Agenda for Sustainable 
Development,” which aims to eliminate poverty in all forms, everywhere. 

In December, 2019, the World Economic Forum noted that between 1990 and 
2015, China had accounted for over three fifths of the reduction in global poverty. 
And today (2020), even with the 2020 deadline breathing down its neck, China 
continues to be confident and committed to ending absolute poverty in every corner 
of the country, regardless of what it takes. But why? 


8https://www.weforum.org/agenda/2018/12/chinas-long-road-to-poverty-elimination. 
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Why Fight Poverty? 


For over 30 years, I’ve watched how China has evolved its fight against poverty, but 
I’ve also wondered “why” the nation should be so single-mindedly in its determi- 
nation to eliminate poverty, especially since Xi Jinping became general secretary of 
the whole Party in 2012. 

Many nations of course give lip service to fighting poverty but never has 
another nation made abolition of poverty the cornerstone of society, government 
and economy. 

When I compare the sacrificial anti-poverty efforts of China, a developing nation, 
with the token efforts of wealthier nations that dole out money in simplistic programs 
that often engender greater dependency than self-sufficiency, I think of the old argu- 
ment about whether the pig or the chicken contributes most to a breakfast of ham 
and eggs. The pig argued, “You are just involved, giving eggs that you can easily 
replace; but I must give my life.” 

For 70 years, China has kept anti-poverty work as the core of its very existence. 
Even in the 1950s, Mao Zedong said that a socialist nation could not coexist with 
poverty, but for thousands of years before that, China’s Confucian code of ethics 
and morality actually mandated that government care for its people and follow the 
“Five Constants” of Benevolence, Righteousness, Rites, Knowledge, and Integrity. 
Chinese history is full of examples of rulers and entire dynasties that were overthrown 
after violating this “Mandate of Heaven”. 

Even my own province of Fujian has outstanding examples of wise and benevolent 
government. Almost 1,000 years ago, Quanzhou City, ancient start of the Maritime 
Silk Road and Marco Polo’s port of departure from China, saved grain during good 
years to help feed its people during lean years or after natural disasters such as 
typhoons. And of course we’ve already looked at the Dujiangyan irrigation project 
that for 2,200 years has fed much of West China. 


The Modern Mandate of Heaven 


China’s leaders today, like their ancient forebears, labor under the same moral 
imperative to provide the people with basic food, clothing, shelter and healthcare. 

Modern rulers, like the ancients who had to prove themselves by surviving the 
grueling imperial exam (which some Europeans called “the test from hell”), must 
graduate from university and then prove themselves capable before they are moved 
up in the ranks of leadership. 

Hong Kong-Apec Trade Policy Group executive David Dodwell wrote in 2017, 
“The main difference between the U.S. and China is not that one is capitalist and the 
other communist. Rather, it’s that one is run by lawyers, and the other by engineers.” 


*https://stansberrypacific.com/china/china-technology-is-ten-times-better-than-you-might-think/. 
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Given China’s success with hi-speed trains, supercomputers, and the first landing 
on the dark side of the moon, it appears that China’s engineer bureaucrats are doing 
well. 

And New China, like Old China, has strict policies to minimize corruption and 
inculcate within leaders a sense of moral responsibility. Again, like the ancients, 
modern young leaders are first sent to areas far from home and friends. Xi Jinping, 
for example, was sent to Xiamen, and then to Ningde, one of the 18 poorest counties 
in China, where the 35-year-old thought up many of the anti-poverty philosophies 
and practices that were later adopted throughout China. His conscientiousness and 
creative approach to solving poverty in Ningde led him to the governorship of Fujian 
Province, and then on to Shanghai and Beijing—but he had to prove himself each 
step of the way. 

The government also works unceasingly at grilling into the minds and hearts of 
the populace that fighting poverty must be New China’s cornerstone. This may sound 
simple in theory but in practice it is not easy to get people living comfortable urban 
lives to really care about starving farmers living in remote mountainous or desert 
regions. 


China’s Anti-poverty Straight from the Horse’s Mouth 


China’s war on poverty is so multi-faceted, embracing 70 years of evolving philoso- 
phies, policies and practices, that my own understanding was at best patchwork— 
until I had the honor of flying to Beijing and interviewing Dr. Huang Chengwei, the 
man who had been in charge of the entire nation’s anti-poverty program. 

As he shared how China’s war on poverty began, and has evolved, I slowly began to 
understand many of the changes I’d witnessed. I also gained a much greater respect 
for the sacrifices the leadership and populace had made to achieve them—from 
“barefoot doctors” to “barefoot first secretaries”. 

But my greatest takeaway from interviewing Dr. Huang was that China has much 
to tell the rest of the world about eradicating an evil that should no longer exist in a 
world as technologically advanced as ours today. 
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Chapter 16 A) 
Dr. Huang Chengwei: Leading the Fight get 
Against Poverty 


For more than two decades [1990-2015] China served as the most potent anti-poverty weapon 
the world has ever known. ... Of every five people in the world who escaped poverty during 
this span — a total of roughly 1.1 billion people — three were Chinese. 


World Economic Forum, February 3, 2016 


It’s hard to find an article about China’s poverty alleviation that doesn’t have Dr. 
Huang Chengwei as author, co-author or consultant. But that’s not surprising, given 
he is the former director of the National Poverty Alleviation and Education Center 
of the State Council Poverty Alleviation Office. 

I’ve read several of Dr. Huang’s papers but it wasn’t until I interviewed him in 
his Beijing office that I fully grasped the sheer magnitude and complexity of China’s 
war on poverty—and why the world has so much to learn from China. 

Dr. Huang was born in 1965 in Lingshan County, in S.E. Guangxi Zhuang 
Autonomous Region, and judging from his accomplishments, I don’t think he has 
slept since he was born. Dr Huang helped research and develop China’s national 
poverty alleviation policies, including Xi Jinping’s precision poverty alleviation 
strategy. As if that wasn’t enough, he is also a part-time professor and PhD tutor 
at Wuhan University and Huazhong Normal University, visiting professor for the 
Chinese Academy of Management Science, part-time professor at several other 
universities, and chair of some 50 research studies, including many supported by 
the National Social Science Fund. 

In his free time, Dr. Huang has published over 100 papers in journals, authored or 
co-authored 25 books, and won awards while working as chief editor of 45 publica- 
tions related to poverty reduction and development. He has also served as the leader 
of teams in the World Bank, United Nations Development Program, United Nations 
Food and Agriculture Organization, the Asian Development Bank, Australian Devel- 
opment Agency, Department for Overseas Development of the United Kingdom, 
Hong Kong Oxfam, International Action Assistance, etc. 

On top of all of that, he is constantly fielding demands from the media, universities 
and government for lectures and interviews, so I felt somewhat guilty for also taking 
his time, but I took it anyway, because no one understands China’s fight against 
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poverty better than Dr. Huang—with the exception, perhaps, of Xi Jinping, who has 
tackled poverty since he was sent to the countryside as a teen. 


People-First Leadership 


Dr. Huang had adjusted his busy schedule to fit me in but when he entered the room, 
he was relaxed and affable, and acted as if he had all the time in the world. This 
attitude of Chinese leaders has impressed me since I moved to Xiamen in 1988. The 
first time I called unexpectedly on our dean at his home, he set aside his work and 
served tea and oranges. In 1988, oranges were for holidays and tea was a treat; even 
our famous Anxi tea farmers were so poor they could not afford to drink their own 
tea and brewed herbs or weeds instead. But our Dean, Dr. Ping, was the epitome of 
a gracious Chinese host, serving the best he had, and we chatter for two hours. Only 
the next day did I learn from his secretary that he had stayed up until 4 am to finish 
the work Id interrupted. 

I’ve taught leadership in China for 32 years but have not yet mastered this “people 
first” leadership trait. And as Dr. Huang explained, it is this ancient “people first” 
mentality that has been the bedrock for China’s 70-year fight against poverty. 

Dr. Huang’s schedule was tight so I expected terse, simple answers to my ques- 
tions, but he replied with precise and thorough answers, ticking off policies and 
practices with topics and subtopics. No wonder so many grad students seek him out 
as a PhD advisor. 

The way Dr. Huang answered every question with facts and figures reminded me 
of former Premier Wen Jiabao, whom I’d met in a few Beijing meetings. A European 
reporter once said that Premier Wen’s head had “a computer, not a brain”. After 
meeting leaders like Wen Jiabao, Director Huang, and even Xi Jinping a couple of 
times when he was still in Fujian, I can see why Dodwell wrote in 2017 that the 
biggest difference between China and the U.S. is that the U.S. is run by lawyers and 
China by engineers (just like old China that was run by engineers). 


Poverty Amidst Plenty Is Immoral 


“So when did China first start fighting poverty?” I asked him. 

“Td like to answer this question in three parts,’ Dr. Huang said, settling back in 
his chair like a professor with his student. 

“First, the background of China’s rural poverty alleviation strategy and how it has 
persisted and evolved over 70 years. Second, why we target rural areas. And third, 
the main problems overcome at each stage.” 

“Poverty alleviation began on the very eve of New China in 1949,” Dr. Huang 
said, “because from day one the Party’s primary task has been to serve and meet the 
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needs of the people — especially the poorest people. But practices have evolved with 
advances in knowledge and economy.” 

Dr. Huang explained that the Party has had both ideological and pragmatic needs 
for fighting poverty. Ideologically, poverty amidst plenty is immoral. But pragmati- 
cally, it had to meet the needs of its greatest constituency—which was poor farmers. 
So like any political party, “the Communist Party knew it could ensure the stability 
of its power only by giving people a better life. In 1956, Mao Zedong warned that 
a nation without prosperity for all was not truly a socialist nation; socialism, by its 
nature, dictates the elimination of poverty.” 

As many developing nations have discovered, so-called “trickle-down economics” 
does not work, so China has fought poverty from day one by keeping government 
people-centered. “If people are not the center, the focus is poverty reduction through 
national development with the expectation that poor areas will keep up,’ Dr. Huang 
explained, “but according to our experience, this is impossible.” 

For 70 years, poverty reduction has been the core, not an afterthought or by- 
product, of every stage of development. “Fighting poverty,” Dr. Huang said, “has 
always been the core work of the whole Party, the whole country, the whole society. 
Everyone is concerned about developing the poor areas.” 


Survival First 


Not surprisingly, anti-poverty measures had to evolve over the decades from good- 
intentioned but naively simplistic aid, which fostered dependency, to a more sustain- 
able enablement approach that inculcated self-sufficiency. “From 1949 to 1978, China 
used a planned economy as a broad-based poverty reduction strategy,’ Dr. Huang 
explained. “In 1952, China tackled peasant’s landlessness with land reform and the 
commune system’s public ownership of rural property, but leaders gradually realized 
this hurt peasants’ work motivation and was extremely inefficient.” 

With rural China so extremely backward in every measure, they were forced to 
initially focus on guaranteeing basic survival rights—food, clothing, basic medical 
care, etc.—as well as industrialization of the nation, but the situation deteriorated 
further because of the famines of the 1950s and 1960s, and an over reliance on top- 
down relief-type poverty reduction (transfusion-type). “Relief-type poverty allevi- 
ation met the needs of the extremely poor,’ Dr. Huang said, “but failed to develop 
their abilities or fix the fundamental causes of poverty, which only exacerbated their 
dependency. Relief rescued the starving, but not the poor.” 

In spite of setbacks and missteps, China’s economy slowly gained momentum, and 
the nation shifted its focus to raising rural productivity through national development 
of infrastructure, improved irrigation, establishment of a rural science and technology 
service network, rural cooperative credit system and rapid development of rural basic 
education. 
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World’s First Universal Healthcare 


China also created the planet’s first universal healthcare system with their famous 
army of 1.5 million “barefoot doctors”. This program was so innovative and effective 
that in 1974 the U.S. Department of Health, Education and Welfare printed an English 
version of the Hunan’s Barefoot Doctor’s Manual. To this day, the barefoot doctor 
program is held up as a model for developing nations to assure basic medical care 
for the poor. 

But barefoot doctors were neither barefoot nor doctors. They were peasants who 
received 3—6 months of intensive training in both Chinese and Western medicine to 
enable them to give basic first aid and treat a couple hundred of common ailments, the 
emphasize being prevention over cure—which has been China’s focus for millennia; 
in Old China, doctors were paid to keep patients healthy. But as medical volunteers 
in poor regions around the world have found, simple first aid can often spell the 
difference between life and death—or a lifetime of blindness or lameness. 

These health workers were said to be barefoot because they endured the same 
communal living conditions and received the same remuneration as the farmers, who 
often did work the fields barefoot. But living and working side by side with their 
patients gave barefoot doctors an intimate familiarity with both the environment and 
their patients’ unique needs. A 2008 World Health Organization report titled “China’s 
Village Doctors Take Great Strides”, told the story of former barefoot doctor Liu 
Yuzhong: 


Another of the barefoot brigade, Dr. Liu Yuzhong, still offers basic healthcare to his fellow 
villagers after 43 years’ service. Now 69, he is known by patients as a caring, skillful doctor, 
though he says, “I learned something of everything, but specialized in nothing.” He adds: 
“There are great advantages to having a barefoot doctor in the village. The patients are all 
my neighbors. I know each family’s situation, lifestyle and habits. Since I see my patients 
very often, even if I cannot diagnose precisely the first time, I can follow up closely and give 
a better diagnosis the next time. 


It is no wonder China revered its barefoot doctors, some of whom went on to advanced 
medical studies in China and abroad. Dr. Liu Xingzhu, today the program director 
of the U.S. National Institute of Health’s Fogarty International Center, was himself 
a barefoot doctor from 1975-1977. He remembers being given only a bag of basic 
medicines with two syringes and ten needles!—but it saved peoples’ lives, and set 
him on a lifelong career in medicine. 

While China’s medical feats were impressive, its economic growth was lackluster. 
From 1950 to 1973, China’s economy had been dominated by state ownership and 
central planning and averaged only 2.9% per year growth. China had implemented a 
basic rural social security system with “five guarantees” —adequate food, clothing, 
medical care, housing and funeral expenses, as well as relief for the extremely poor, 
yet by 1978, a quarter of China’s 956 million people were still under the poverty line.” 


"https://www.who.int/bulletin/volumes/86/12/08-021208/en/. 
*http://www.chinatoday.com.cn/ctenglish/2018/sl/201902/t20190221_800157313.html. 
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The nation needed a fundamentally new approach—hence reform and opening up 
and “market socialism’”—a uniquely Chinese approach to socialism. 


Reform and Opening up 


In the late 1970s, Deng Xiaoping spearheaded rural reform with new policies to 
promote production and development. The “people’s communes” in the countryside 
were dismantled, China opened to foreign investment and Chinese entrepreneurs 
were encouraged to go into business. “Some will get rich first,’ Deng Xiaoping 
famously said, trusting that those who prospered first would help lift the rest into 
common prosperity. 

From 1978 to 1985, China redoubled its attack on poverty by reforming the 
rural economic system, including rural land, market and employment systems, 
and increasing agricultural product prices. Per capita output rose dramatically and 
farmers’ per capita net income rose from 133.6 Yuan in 1978 to 397 Yuan in 1985. 
The number of rural poor plummeted 50% from 250 million to 125 million—but no 
one celebrated yet because 125 million was still over half of the entire U.S. population 
at that time. 

The government gradually realized that much of the most intractable poverty 
was due to natural, geographic, historic and cultural factors such as the language 
barriers that hindered some minorities from obtaining education and better jobs. In 
1982, China began a series of national, large-scale poverty alleviation efforts with the 
“Sanxi Program” in poor regions of Gansu and Ningxia, and in 1984 began improving 
its rural education network and introduced an innovative system of using “labor for 
relief” for social engineering projects. Much like the U.S.’s CCC (Civilian Conserva- 
tion Corps) during the Great Depression, this project provided jobs while improving 
the rural infrastructure that had been one of the biggest obstacles to effective poverty 
alleviation. 


Fine-Tuning Poverty Alleviation 


In 1986, China took anti-poverty measures to a new level by establishing the Leading 
Group of Poverty Alleviation and Development Under the State Council (central 
government) to standardize and institutionalize rural poverty alleviation and devel- 
opment. This group identified poor counties, set a national poverty line, and created 
special funds for poverty alleviation, with a key priority being food and clothing for 
the poorest of the poor. 

In spite of ambitious efforts like the Sanxi Program, the disparity between coastal 
and interior development became even greater, so from 1986 to 1993 the government 
fine-tuned its focus. Although this regional focus did benefit county economies, it 
lacked direct contact with poor farmers. This shortcoming, coupled with a slowdown 
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of rural economic growth and the extremely complex challenges facing the remaining 
poor, led to an increase of 7 million in absolute poverty between 1985 and 1989 
according to World Bank estimates. In response, then President Jiang Zemin and his 
successor Hu Jintao again reemphasized the Party’s fundamental belief that, “The 
minimum requirement for common prosperity is to solve the problem of poverty.” 

China finally remedied the problem of direct contact with the poor in March, 
1994, with inauguration of its national 80-7 Poverty Alleviation Plan. This ambitious 
plan mandated meeting 80 million people’s basic needs of food and clothing within 
only seven years, but this time the leadership zeroed in on the household level to 
ensure stable conditions for each poor family’s subsistence. At the same time, the 
Party made its efforts more sustainable by shifting from “relief poverty” (blood 
transfusion) to “development-driven poverty alleviation” (blood production)—from 
aid to enablement. As ancient Chinese said, “Give a fish, feed for a day; teach to fish, 
feed for a lifetime.” 

From 1995 to 1999, the funds for poverty alleviation loans, work subsidies and 
development funds increased 1.63 times. And even as individual poor households 
were targeted from the bottom, the nation also worked from the top down on macroe- 
conomic policies that accelerated economic development in the central and western 
regions. This juggling of bottom up and top down strategies was incredibly complex, 
yet even as I drove around China’s most remote regions in the summer of 1994, only 
months after the 80-7 Plan had been put into effect, I could already see the effects of 
this marriage of macro policies and targeted household poverty reduction. 

The humanitarian aspect impressed me but not the economics. How on earth, 
I wondered, could China justify investing hundreds of millions in extremely poor, 
sparsely populated regions like Ningxia or northwest Tibet? Years later, as I began to 
appreciate China’s farsighted vision, I was reminded of Sony founder Akio Morita’s 
1989 book The Japan That Can Say No, which had a section entitled, “America Looks 
10 min Ahead; Japan Looks 10 Years.” 

Chinese, I’ve learned, look ahead centuries. 

Thanks to measures such as minimum living assistance, technology poverty alle- 
viation, labor transfer, and ecological migration, poor farmers’ per capita net income 
tripled from 483.7 Yuan in 1993 to 1,321 Yuan in 2,000 and the number of rural 
absolute poor plummeted from 80 million to 32 million. The Chinese government 
proudly announced that it had met the basic goals of the 80-7 Poverty Alleviation 
Plan—food and clothing for China’s rural poor. Yet even as China celebrated, the 
leadership recognized that the last bastions of poverty would be the hardest to defeat. 


Whole Village Promotion, Two Wheel Drive 


In 2001, China targeted 94 million people in 592 poor counties and 150,000 poor 
villages for its “whole village promotion” and “two-wheel drive” (linking poverty 
alleviation with development) poverty reduction strategies. By 2010, the three- 
pronged focus on village advancement, industrial development and labor transfer had 
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paid off and farmers’ income in key counties had almost doubled to 3,273 Yuan— 
yet again faster growth than the national average. But in response to international 
standard and domestic development needs, China adjusted its “poverty line”, which 
raised the official number of poor from 28.88 million to 43 million. 

From 2011 to 2020, farmers’ incomes continued to rise faster than the national 
average, yet the number of “poor” increased yet again when China again raised the 
rural poverty line by 92% to 2,300 Yuan per capita net income. Yet regardless of 
the poverty line issue, it was obvious that China had solved the problem of food and 
clothing for the vast majority of the poor and strengthened the national economy by 
narrowing the gap between urban and rural areas so well that many started moving 
back to the countryside. 


Garden City, Garden Villages 


Over half of the world now lives in cities, and urbanization has plagued China as well, 
but thanks to improved rural infrastructure and natural environments, urbanization 
in China has slowed and, in some cases, even reversed. 

Twenty years ago, China boasted many “Garden Cities”; today, we’re seeing more 
and more “Garden Villages”. In Hunan, Yang Chaowen, a young Miao minority 
entrepreneur, said, “When we worked in the big city, we were envious of the high- 
rise buildings and parks... Although we cannot build high-rise buildings, our village 
is much prettier than the city. We just had to build it ourselves!” 

His village is now like a garden—both beautiful and prosperous. A young Miao girl 
in Mr. Yang’s village said, “There’s no place like home—especially if prosperous.” 

As Dr. Huang noted, youth don’t dare return to their ancestral homes unless 
they can afford to live there, so China has developed financial policies, subsidies 
and training programs to promote rural entrepreneurship—especially e-commerce, 
which is made possible across China thanks to nationwide internet coverage and the 
planet’s best highway and high-speed train networks. When I drove around China in 
2019, I saw fleets of delivery trucks even in remote Tibet. 


4,300+ Taobao Villages 


China’s youth are especially excited about the 4,300+ “Taobao villages” in 25 
provinces. In 2018, these villages’ 660,000 online shops generated 195 billion Yuan 
in rural e-commerce sales—up 30.4% from 2017 and outpacing e-commerce’s 24% 
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overall growth.* The Taobao village model benefits about half of the rural popula- 
tion, often creating a “virtuous circle” where growth in rural production in turn drives 
consumption. 

Decades of fine-tuning its numerous programs has slowly led to success in fighting 
poverty, but no one expected the seismological shifts in policy and practice that would 
follow Xi Jinping’s rise to power in 2012, and his announcement that China would 
use “precision poverty alleviation” to end absolute poverty by 2020. 

As Dr. Huang explained, “When Xi Jinping became general secretary of the Party 
in 2012, the fight against poverty entered a new stage.” 

For Xi Jinping, however, this “new stage” was merely a continuation of a battle 
he’d begun in his teens. 
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Chapter 17 A) 
Standing on Giants’ Shoulders: Xi crest 
Jinping’s Precision Poverty Alleviation 


If I have seen further it is by standing on the shoulders of Giants. 


Isaac Newton, in a letter to Robert Hooke, February 5, 1676! 


When Xi Jinping became president in 2012, China still had nearly 100 million poor 
people—greater than the population of all but 11 of the world’s 233 countries and 
regions at that time. But far from being intimidated, in 2015, President Xi declared 
to the world what he’d said to Eighteen Caves’ villagers in November, 2013—that 
China could vanquish absolute poverty by 2020. 

Xi Jinping had good reason for confidence. Like Isaac Newton, Xi stood on the 
shoulders of giants who, within 60 years, had lifted more people from poverty than 
any nation in history. But the last few million were proving to be the most intractable 
because of their remoteness, cultural and language barriers, or natural environments 
decimated by over-population, over-utilization and global warming. 


Anti-Poverty No. 1; Precision at All Levels 


Determined to reach these last few millions, Xi made two decisions. First, he 
declared that poverty alleviation and development must become the No. | priority 
for governing at every level—and not just on paper but in practice, with every leader 
at every level held strictly accountable. As Dr. Huang Chengwei noted, elimination 
of poverty had of course been the Party’s goal since 1949, “However, this idea is 
constantly developing. When Xi Jinping became president in 2012, the fight against 
poverty entered a new stage. A society cannot be said to be well off if there are still 
tens of millions of poor people! The main contribution of President Xi has been to 
prioritize poverty reduction and mobilize the entire Party, entire country and entire 
society through a series of innovative strategies ... to use China’s wisdom to reduce 
poverty.” 


'Tsaac Newton, “Letter from Sir Isaac Newton to Robert Hooke”, Historical Society of Pennsylvania. 
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Xi’s second decision, to focus on precision poverty alleviation, was to have a 
great influence upon the war on poverty not only in China but in the rest of the world 
as well—especially China’s Belt and Road Initiative. Xi of course built upon the 
successes of those who went before him but he also relied heavily upon his own 
experiences as a 35-year-old Party secretary tackling poverty in Ningde, Fujian— 
one of the nation’s 18 poorest counties. Many of his policies and practices from that 
early period later came to be used nationwide, including Xi’s emphases on finding 
the specific causes and cures of poverty in each unique situation, building upon the 
peoples’ strengths, and giving extra aid to minorities hindered by geographic or 
cultural isolation. 


Dr. Huang’s Overview of Precision Poverty Alleviation 


In 2015, on a World Bank blog,” Dr. Huang gave the world a brief overview of the 
whys and hows of Xi’s precision poverty alleviation: 


Rural farmers’ per capita incomes have risen faster than the national average, and farmers 
have benefited from improved infrastructure and public services, including highways and 
railways, access to electricity and internet, universal access to compulsory education, a rural 
minimum living standards guarantee scheme, and extensive rural cooperative medical care. 


But Dr. Huang also divulged the formidable challenges still facing the nation: 


By the end of 2015, 55.75 million Chinese people still lived in poverty, equivalent to the 
population of a medium-sized country [actually, larger than 174 of 198 countries in 2015!]. 
The nation still has 14 poor regions, 832 poor counties, and 128,000 poor villages. It will be 
a hard task to help the remaining poor, as they live in deep poverty and lack self-development 
capacity. And it will become increasingly difficult and costly. But there is no time to lose. To 
eliminate extreme poverty by 2020, 10 million people have to be lifted out of poverty each 
year for the next four years. Their vulnerability means that they are very likely to fall back 
into poverty due to disaster, illness, education and housing costs. 


In the next five years, China, as the biggest developing country in the world, is entering a 
critical stage of its efforts to build a well-off society, and is facing a number of new challenges 
in poverty reduction... 


China faces many new problems, such as economic slowdown and industrial restruc- 
turing, inadequate targeting mechanism, poorly defined responsibilities, inefficient allocation 
and use of resources, and lack of effective policy coordination among poverty alleviation 
approaches, rural minimum living standards guarantee, new rural cooperative medical care, 
medical assistance, dilapidated housing rehabilitation and education assistance, and lack of 
adaptation to local conditions and specific guidance. 


The government has set a target to lift all rural poor people and poor counties out of poverty 
by 2020 as part of the goal to build a well-off society. In the next five years, China will pursue 
precision poverty alleviation policies and strive to reduce poverty through development of 
industries, labor migration, relocation, and minimum living standards guarantee scheme. The 
government will increase fiscal spending and financial support, strengthen land policy, mobi- 
lize private resources, and create a favorable environment. It also focuses on defining poverty 


“Ending poverty in China: Lessons for other countries and the challenges still ahead”. 
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alleviation responsibilities of governments at all levels, developing a rigorous monitoring 
and evaluation system, and establishing an exit mechanism for poor counties. 


By taking these and other actions, China is working hard to achieve its goal of eliminating 
extreme poverty by 2020. 


But as Dr. Huang explained, Xi’s precision poverty alleviation was possible only 
because he also demanded precise accountability with no room whatsoever for inef- 
ficient or inappropriate use of resources. All leaders, at all level, are held accountable 
for “six precisions”, including precise support objects, precise project arrangements, 
accurate fund use, accurate household-level measures, accurate village assignments, 
and accurate poverty alleviation results. But the linchpin holding the entire program 
together is the “first secretary”—though I feel “barefoot first secretary” is a more 
appropriate title. 


Barefoot First Secretaries 


In 1951, only two years after Liberation, Beijing declared that all villages should 
have basic medical care by medical workers living right in the villages. By 1957, the 
nation already had over 200,000 barefoot doctors, and eventually some 1.5 million. 
Today, China no longer has barefoot doctors but it does have first secretaries who 
are just as barefoot—at least in spirit. 

Even in the 1980s, the government realized that a great weakness of the national 
anti-poverty programs was that they did not connect directly with the very people they 
were designed to help—the poor—hence the first secretary. Like barefoot doctors, 
first secretaries are “part of the community, understand the community, care about 
the community and are trusted by the community”. They get to know each village 
member and their condition, and work to change not only conditions but also atti- 
tudes—to instill a spirit of self-reliance and courage, to promote innovativeness and 
entrepreneurialism. 

This idea of closer official-masses relationships arose in part from Xi Jinping’s 
experiences of living seven years in the poverty-stricken village of Liangjiahe, where 
he came face-to-face with China’s endemic poverty. “From General Secretary Xi,” 
Dr. Huang said, “we can see that if an official does not have a deep understanding 
of the reality of development imbalances, it is difficult for him to excel at managing 
and governing.” 

But sometimes the realities these barefoot first secretaries face are almost over- 
whelming. “I could not understand their language and they didn’t understand standard 
Chinese!” one first secretary said to me. “I wanted to help them but they had no idea 
what I was saying — so we communicated with lots of sign language and lots of rice 
wine!” 

“Did you ever learn their language?” I asked. 

“No,” he said, laughing. “They learned mine. They’re smarter than I am!” 
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But one first secretary shared his shock in learning that some people simply did 
not want to be helped. “Some do not want to escape poverty because they have 
never known anything else. They have no idea that they’re poor, or that their child’s 
deformity or fatal illness could have been avoided with even the simplest medical 
care. It’s heartbreaking. But once they’ve a taste of a better life, they do not want to 
go back to the old ways. So Xi Jinping was right — we must prove to them they can 
have a better life.” 

I’ve been deeply moved by the first secretaries ’ ve met in Ningxia, Fujian, Tibet— 
or even in my own home province of Fujian. Some were flabbergasted by problems 
that seem unbelievable and almost comical in retrospect. One first secretary happily 
gave minority members the keys to their new houses—only to have to replace over 
100 doors because they’d never seen keys before and used axes to batter down the 
doors. Since then, he’s careful to give lessons on using locks and keys. 

Although some first secretaries were assigned to their tasks, quite a few volun- 
teered to give up their comfortable, well-paid jobs in provincial capitals and even 
leave their families for a three-year stint serving in poor villages and living in the 
same conditions. But what really surprised me was that many ask for another three 
years after their first term is up, even though they only see their families a few times 
a year, and many suffer serious health issues—especially in high altitude Tibet. One 
told me, “Not everyone has obvious symptoms of altitude sickness, but our bodies 
weren't designed for these heights. At this elevation, even Tibetans are affected over 
time. No one escapes unscathed. My friend, another Han Chinese who had served in 
Tibet two years, seemed perfectly healthy — until the day he keeled over dead.” 

“But if it hurts your health, why did you volunteer for another three years?” I 
asked. “Why don’t you return home to your family?” 

He sighed. “Yes, my health has suffered — but I’ve never before done anything 
more fulfilling.” 

With such dedicated “barefoot leaders” undertaking China’s ambitious national 
policies, it is not surprising that farmers’ situations are improving rapidly. From 2010 
to 2015, the per capita net income of farmers in poverty-stricken counties doubled, 
with a higher growth rate than the national average for five consecutive years. At 
the same time, rural social security was improved, including medical and retirement, 
and infrastructure was improved to the point that some 90% of villages have access 
to highways, electricity and telephones. 


Precision Pummels Poverty 


But Dr. Huang was quick to clarify that this improvement was not because of China’s 
economic growth alone. “Many nations prosper and still do not help the poor.” China’s 
success has been possible only because of precision poverty alleviation strategies 
honed over the decades. And thanks to Xi Jinping’s contribution since becoming 
president in 2012, and the lessons learned by China’s army of first secretaries, Dr. 
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Huang is confident that China can also help other countries fight poverty—especially 
China’s partners in the Belt and Road Initiative. 

“The results have been obvious!” Dr. Huang said. “China’s changes have been 
holistic and comprehensive, with improved infrastructure, education, health, science 
and technology. Visit any impoverished area and you can see the tremendous changes 
that have taken place there, especially in terms of people’s livelihood. The changes 
are huge. The roads in poor areas have been repaired, the courtyards of poor families 
are quiet and peaceful and they are using hygienic toilets. These are revolutionary 
changes.” 

“Revolutionary indeed!” I thought, as I remembered the rural and urban toilets of 
the late 1980s. 

“The country has also changed the industrial format of entire impoverished areas,” 
Dr. Huang said, “including e-commerce poverty alleviation, photovoltaic poverty 
alleviation, consumer poverty alleviation, and other new types of poverty alleviation 
methods. 

“From 1978 to 2012, per capita income and consumption level of rural residents 
increased by 11.5 times and 9.3 times, respectively. Per capita disposable income of 
rural residents in poverty-stricken areas in 2018 was 10,731 Yuan, which was 1.99 
times that of 2012 — and higher growth than the national average. In 2018, the per 
capita consumption expenditure of rural residents in poverty-stricken areas in 2018 
was 73.9% of the national average in rural areas.” 


Pride in Self and Nation 


“These great changes have also dramatically improved the mental outlook of the 
poor,” Dr. Huang said, “giving them self-confidence and pride.” He also noted it has 
strengthened solidarity. “Only when the people at the grassroots level and the poorest 
people say that the Communist Party and our president are good can we prove that 
our Communist Party is really good and capable of governing.” 

I resonated with that. ’'ve asked many farmers why their lives had improved so 
much, so quickly. Several farmers in different parts of the country told me, “Good 
policies.” 

“But why good policies?” I persisted. 

“Policies are good because leaders understand our needs and care for us.” 

But several farmers added, “Of course, policies aren’t enough. We must do our 
part as well.” 

But before China built rural infrastructure, farmers couldn’t do their part even 
if they had wanted to. A Ningxia farmer said, “Before we had roads, we could not 
escape our remote valleys to sell anything or seek work. We were like frogs in a 
well.” He grinned, and held up his Huawei cell phone. “Now we’re free!” 

China’s success in fighting poverty has not only reduced unequal development 
between urban and rural areas but has also helped improve the social atmosphere. 
Dr. Huang said, “In the old days, how could a family in Beijing know that family life 
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in Qinghai was so difficult, that the children couldn’t afford school and had no hope 
if they fell ill? But now through social mobilization, through poverty alleviation, 
through consumption of rural products, etc., many people in large cities have learned 
about the lives of people in poverty-stricken areas, and they know that many people 
have much worse living conditions than them. People’s hearts are good; it is very 
important to stimulate and activate this kindness. After seeing a doctor, you can’t 
forget your disease; likewise, after seeing poverty, we can understand that, regardless 
of our situation, there are still tens of millions worse off than I am.” 


Urban-Rural Citizen Exchanges 


As Dr. Huang spoke of projects bridging city and country, I thought of some of the 
rural-urban projects I had seen across China. Some cities organize monthly fruit fairs 
so city dwellers can head to the countryside, pick their own seasonal fruits—different 
fruits each month—and pay the farmer directly. Farmers earn more, town and country 
come to understand each other better, and some people, like Feng Yougen, a rich 
Hunan entrepreneur, seize the opportunity to teach city children about nature. Mr. 
Feng said, “Nowadays, many children have grown up in the city since birth. They 
have never been in contact with nature and know nothing about animals and plants. 
So each year we have 300,000 children come to Panlong Grand View Garden to see 
very diverse plants and flowers from every country of the world.” 

China also has many programs in which rural and urban children become pen 
pals, or city children tutor children online. A 16-year-old student at New Channel 
Education Group headquarters in Beijing told me that in spite of her heavy academic 
schedule, she spends several hours a week tutoring rural children in math. “Do they 
pay you?” I asked. 

“No,” she said. “My family is not well off, but we have more than they do. I’m 
thankful I can help.” 

Rural tourism has also benefited the entire nation, with Nongjiale providing 
income for farmers and affordable country getaways for city people — and quite 
often, lifetime friendships between hosts and guests. 

“This fight against poverty provides a model for the development of all mankind,” 
Dr. Huang said. “We can’t have some people live the good life while others are hungry, 
cold and sick. Those who prosper cannot forget those who lag behind. As a thinking, 
advanced animal, man cannot allow this to happen.” 

“So what can the rest of the world learn from China?” I asked Dr. Huang. 

Not surprisingly, Dr. Huang had answers right at his fingertips. 
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Chapter 18 A) 
China’s Anti-Poverty Lessons get 
for the World 


China’s seven-decade fight against poverty is both impressive and significant in its 
scope and pace, but I wondered if other countries could duplicate China’s success. 
“What can the world learn from China’s fight against poverty?” I asked Dr. Huang. 
Not surprisingly, Dr. Huang ticked off enough lessons for the world that he could 
probably single-handedly run a global anti-poverty institute (which, like China’s 
500+ Confucius Institutes, could have a very positive influence on bridging the gulf 
between East and West, North and South). 


China Surpasses Global Standards 


“In Xi Jinping’s understanding,” Dr. Huang said, “his entire set of concepts and ideas 
for poverty alleviation has surpassed the current international theoretical system of 
poverty reduction in many aspects. We can now contribute Chinese solutions and 
insights to global poverty reduction because the success of our large-scale poverty 
reduction is mainly guided by thought, strategy and policy system. 

“Many foreigners have seen our achievements in poverty reduction, but they often 
only know a single story and case. We hope they can see how our ruling party 
and governments care about the poor during the entire process of our country’s 
governance. China’s new era anti-poverty model can be summarized as “two lines 
and one force”, Dr. Huang said. The “two lines” are economic development and 
social safety nets, and the “one force” is the government’s leadership. 

But China’s social and political systems are unique. “Can other nations copy 
China’s practices?” I asked. 

“For other nations to emulate China,” Dr. Huang said, “they would do well to 
follow its example in drafting strategies according to their unique historical and 
geographical context, and then to focus on comprehensive development such as 
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improving rural infrastructure, education and health, etc. And of course, develop- 
ment must be sustainable, which requires protection of resources and ecological 
construction.” 


Learning from Mistakes: Less Aid, More Enable 


The world could learn from both China’s triumphs and mistakes, Dr. Huang said, 
such as initial over-reliance on simplistic “aid”, which breeds dependency without 
fostering the self-reliance needed to make anti-poverty programs sustainable. 

“To shift from ‘aid’ to ‘enablement’, there must be a focus on increasing the 
poor’s income by relying on scientific and technological progress, optimizing vari- 
eties of crops, improving quality, increasing efficiency, and improving information, 
technology, and sales services to maximize production and income.” 

I was reminded of China’s 4000+ Taobao villages. With improved infrastructure, 
such innovations could be duplicated in Africa, Asia and Latin America. 

Dr. Huang also emphasized the importance of agricultural industrialization, which 
can help provide poor farmers with pre-, mid-, and post-production serial services, 
and form a one-stop industrialization operation integrating trade, industry and agri- 
culture, production, supply, and sales. I had seen this strategy at work in Ningxia and 
Western Yunnan, near the border of Tibet. 

China has also expanded labor export in poor areas by improving labor skills, 
setting up an employment information service system, and working to safeguard 
transferred laborers’ legitimate rights and interests. (I’ve met some of these migrant 
workers, who went on to establish profitable businesses that lifted their entire home 
village from poverty). 


Vulnerability of Minorities 


Minorities are especially vulnerable, as Xi Jinping discovered in the late 1980s when 
working with the She people in Fujian’s Ningde, one of China’s 18 poorest counties. 
Minorities have long enjoyed special privileges such as exemption from the one- 
child policy, but geographical, cultural and linguistic isolation have until recently 
been insurmountable barriers to development. But a small boost can work wonders. 
I’ve met many minority students from around China who were accepted to Xiamen 
University in spite of slightly lower marks on their entrance exams, but they surpassed 
their more privileged classmates and returned to help build their hometowns. 
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Regional Inequity 


Regional poverty is yet another problem the world over. “China has made great 
achievements in promoting poverty alleviation and development through stages and 
regions, on the basis of respecting regional differences and national culture,’ Mr. 
Huang said, “with specific strategies for developing the western region, revitalizing 
northeast industrial bases and developing the central region.” 

China has also learned the importance of international exchange of experience 
and knowledge and cooperation with institutes such as UNICEF and UNESCO. But 
increasingly, other nations are looking to China for insights, and Dr. Huang says the 
most important lesson for any nation is strong leadership. 


The No. 1 Lesson Is Leadership 


“First off is Party leadership,’ Dr. Huang said. “Many foreigners cannot under- 
stand China’s Party leadership, but in my opinion, in human development, no matter 
what political system you follow, the core demand of every politician should be to 
seek the happiness and welfare of the people. Republicans, Kuomintang, Commu- 
nists.... These are just different forms. But if a political party is in line with the law 
of human development and has the people’s support, it must focus the leadership’s 
attention on eliminating poverty. Any political party that fails to solve the problem 
of the survival of the poor is not a political party that is in the interest of the people. 

“Take our country as an example,’ Dr. Huang said. “We have promised to 
completely eliminate absolute poverty by 2020. If we fail in this goal, other countries 
will say the Communist Party does not keep its word and is not honest. And China’s 
people will also feel that the Communist Party is just big talk but does not really 
represent the interests of our common people.... If a country’s incidence of poverty 
exceeds 30% and the country cannot resolve it, no one will believe their systems and 
political parties are advanced. So what system is advanced?” 

I did not answer, so Dr. Huang answered for me. “At present, most believe that 
the capitalist systems of Europe and the U.S. are advanced. The capitalist system 
represents the direction of the development of advanced productive forces. But it has 
created and exposed some problems. Of course, we cannot say that these problems 
are insurmountable, or that they will inevitably lead to the division of society, but at 
least it can be said that the capitalist system is not a perfect system. 

“Of course, we do not expect to say that the United States must recognize China, 
or say China is good. But we can at least explore ways to form a model, including 
our Party leadership, that can be used by other developing countries. The same is true 
for poverty alleviation. Without the Party leadership, poverty alleviation in China is 
simply impossible.” 

“But other nations don’t have China’s system of government,” I said. “Can they 
still learn from China?” 
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“Can other countries learn from China? I think so,” Dr. Huang said. “We have a 
billion people in China and hundreds of millions of poor people, yet we can provide 
good governance. So would a country with only tens of millions of people, or even 
a country with only millions of people, fail to govern? As long as they commit to 
implementing the poverty alleviation plans we have used, they will definitely see 
benefit.” 


Transparency and Constant Reform 


Dr. Huang also emphasized that all nations, China included, must engage in constant 
reform and opening up to promote development of the entire economic and social 
system, otherwise poor areas will always lag. “And if it is not open and transparent,” 
he said, “there will be no information exchange. Closed areas and impoverished areas 
will always lag behind and will never be able to adopt new technologies.” 

“So what did you think of the UN secretary-general’s letter praising China’s 
poverty reduction strategy?” I asked Dr. Huang. 

“I think this evaluation is very relevant,” he said. “It reflects the international 
community’s affirmation and recognition of Xi Jinping’s precision poverty alleviation 
strategy.... I think General Secretary Xi’s greatness lies in his ability to help solve 
the global problem of poverty in an easy-to-understand manner. And China’s vibrant 
practices show the international community that it is indeed possible to undertake a 
complete set of effective systems for poverty governance.” 


Social Mobilization 


One thing that sets China apart from other nations is the society’s keenness in under- 
taking social projects. When I represented Chinese cities in an international compe- 
tition for livable communities, many leaders from around the world asked me, “How 
does China get so many volunteers?” 

Dr. Huang feels that this social mobilization at all levels, from first secretaries to 
urban volunteers, is key to China’s anti-poverty programs. 

“Social mobilization is indeed a pivotal factor,’ Dr. Huang said. “The whole 
society must be mobilized to help the poor. Many countries in India and Africa have 
used the methods of European and American countries to help the poor through social 
organizations. Of course, this method has its advantages. On a small scale, it can be 
implemented very well, though it has to be conducted in a very careful manner. Its 
disadvantage is that it is difficult to achieve poverty reduction on a large scale and in 
a holistic manner, thereby promoting the development of the whole society. 

“Only by mobilizing all levels of society, and reminding the rich that their country 
still has poor people, can poverty be solved. High officials must know what is 
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happening in poor areas. In our country, even the ministers need to know the specific 
conditions of poor areas. This is social mobilization. 

“Eastern and Central China have developed but the western region still faces 
challenges and needs the help of the eastern regions, or the development of the entire 
country will be fragmented.” 


China Fights Poverty Abroad 


“Can other countries mobilize society as China has?” I asked, doubtful. 

“They can!” Dr. Huang said. “When I was working at the China International 
Center for Poverty Alleviation, I did a demonstration village in Tanzania. I introduced 
to them China’s experiences in poverty reduction. Eventually, they implemented 
China’s methods across the entire province to help poor villages and drive their 
development. This shows that whether capitalism or socialism, in many ways gover- 
nance and management systems are the same. From the perspective of governance, 
as long as there are higher-level arrangements, the entire society can be mobilized.” 


Self-Reliance: When Loess Becomes Gold 


But regardless of what kinds of programs, or how well society is mobilized, in the 
final analysis, “the poor must also be willing to help themselves,” Dr. Huang said. He 
recalled Xi Jinping’s experiences as a young leader in Ningde, which was a micro- 
cosm of poverty reduction across China, and many of the practices Xi implemented 
in Ningde have now been adopted across the country — especially the emphasis on 
enablement rather than aid — of “blood production rather than blood transfusion”. 

“If ordinary people lack internal motivation,” Dr. Huang said, “it is useless to rely 
on the idea of ‘waiting for my needs’ to be met. In Ningde, one of Xi’s key emphases 
was, ‘If you have faith, the loess becomes gold.’ This very important idea shows the 
pivotal role of inner motivation.” 

Dr. Huang also emphasized not just increasing the investment in poverty allevia- 
tion but also being sure the money is spent properly. “Since the Second World War, 
Europe and the United States have dominated global aid, with aid to African alone 
exceeding USD 2 trillion. With so much invested, why is sub-Saharan Africa still 
impoverished? The main reason is how the funds have been used. We need to not 
only expand investment but also improve the structure, as well as the supervision 
and use of funds.” 

Dr. Huang gave China’s micro financing as an example of wise use of funds to help 
farmers escape poverty. “It cannot be guaranteed that China’s current microfinance 
is completely successful, but many successful precedents have emerged, indicating 
that it is universally applicable.” 
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East-West China, North South Hemisphere 


Imbalances in North-South economic development could also benefit from China’s 
experiences in resolving imbalanced growth between China’s eastern and western 
regions, Dr. Huang said. In fact, he claimed that, at present, the international commu- 
nity has no effective practices to address this issue. “Developed countries have 
promised 0.7% of their GDP to the UN for development assistance, but how can 
we improve effectiveness and make it more comprehensive and win-win for both 
parties? At present, there are no effective global institutional mechanisms but China 
has such a mechanism, so its experience is very important for the governance of global 
development. For example, we are now promoting poverty alleviation by purchasing 
products such as tea or college students’ food from poor areas. This innovative, 
pioneering work is possible because of the expansion of investment in impoverished 
areas.” 

Dr. Huang also thinks China has much to tell the world about assessing global 
poverty issues. “So far, I feel that large-scale international assessments have not 
been successful, but China’s practice in recent years has been successful. We have 
explored methods to evaluate the performance of all levels and set a comprehensive 
series of clear poverty alleviation standards and channels. These practices could also 
be of use to the international community. Our practices may not be complete, but 
our experience does show that the Chinese solutions and insights on poverty can 
contribute to the war on global poverty. But the foundation is leaders with firm ideals 
and conviction to help the people.” 


Three Ways Xi Jinping’s Anti-Poverty Programs Influence 
the World 


“What does Xi Jinping’s example in fighting poverty mean for the world?” I asked 
Dr. Huang. 

“There are three points,’ Dr. Huang replied. “From China’s perspective, it is the 
foundation for building a modern, well-rounded, well-off socialist society, and also 
the starting point of China’s new journey of socialist modernization. We cannot build 
a well-off society without first eliminating poverty. 

“For the world, China has contributed its solutions and insights to humanity 
and global poverty reduction. In his keynote speech at the 2015 High-level Forum 
on Poverty Reduction and Development, held in Beijing on October 16, 2015, Xi 
Jinping stated that eradicating poverty remains the greatest global challenge facing 
the world today. We must build consensus, help each other, overcome difficulties, 
focus on accelerating the global poverty reduction process, strengthen poverty reduc- 
tion and development cooperation, achieve pluralistic and independent sustainable 
development, and improve the international development environment. We must 
work tirelessly to build a community of human destiny without poverty. 
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“Some people are skeptical,’ Dr. Huang admitted, “but this is our vision. We’re 
not saying that poverty can be completely eliminated in the world, but it does mean 
that human development should work in this direction. And China’s solutions to 
fighting poverty can be adopted in other countries to solve their own problems. 

“A development path that cannot solve the problem of poverty is definitely not 
a good path or a good system. China’s solution to the problem of absolute poverty 
has, to date, been in line with the direction of human development.” 

Well aware of foreign skepticism, I asked, “But how do overseas media and think 
tanks evaluate China’s poverty reduction policies?” 

“Many question whether China’s poverty reduction has been driven by overall 
development or by special poverty alleviation programs, but both had their roles. 
Economic development is of course needed to fund the fight against poverty, but 
special poverty reduction policies are also indispensable.” 

“Before reform and opening up,” Mr. Huang said, “poverty alleviation policies 
were all inclusive. Since reform and opening up in 1978, development and poverty 
reduction have been separated. In other words, both are indispensable. The poverty 
alleviation of more than 700 million poor people in China is the result of the combined 
effect of the two forces.” 

China also has lessons for the world about the importance of multi-dimensional 
assessments of poverty. 

Dr. Huang said the world had been skeptical of China’s poverty standard, which 
initially was lower than the World Bank guidelines but was gradually raised until, 
by 2011, it has actually been slightly higher than the global standard. “If we add 
our other standards and social security guarantees,” Dr. Huang said, “our levels are 
actually much higher than international standards. In addition, the United Nations 
has always questioned the multi-dimensionality of our poverty determination, but 
now our multi-dimensional standards are recognized globally and this criticism has 
gradually disappeared.” 


Four Factors for Sustainability 


Many international experts doubt the sustainability of China’s poverty reduction 
program, but Dr. Huang says this doubt is weakening thanks to four factors. First, 
leaders are held clearly accountable so poverty alleviation funds are used as planned. 
I thought of a first secretary in a remote Yunnan village who told me, “We don’t dare 
waste a penny!” 

Second, “China requires green development; poverty alleviation cannot come at 
the expense of the environment.” I saw this myself when I drove around China and 
saw areas that were once desert now covered with meadows and forests. 

Third, “China emphasizes not just aid (transfusion) but enablement, because aid 
alone is not sustainable.” I saw this new spirit of self-sufficiency across the country. 
As two farmers in different provinces told me, “We have good policies now, but 
they’re of no use if we don’t do our own part.” 
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Fourth, “China’s poverty alleviation is sustainable because it is market-oriented, 
with close interaction between government, market and society.” But this in turn 
works only because of an entrepreneurial populace that take advantage of the 
markets—people like Mr. Lin Zhengjia, who had only four years of schooling and 
didn’t wear shoes until he was a teen but is now one of China’s top experts in tunnels 
and a philanthropist funding education for thousands of rural children. 

“But experience so far has shown us that market-oriented is generally not enough,” 
Dr. Huang said. “For example, developing many industries requires consideration 
of short-term and long-term relationships, the problem of local resources and the 
needs of the entire market, and the fragmentation of small-scale and large-scale 
standardized market requirements. For poor areas, it is impossible to say all of these 
issues can be solved in one or two years, but at least we are aware of these issues and 
paying attention to them in our policies.” 


After 2020? 


Clearly, China has much to tell the world, but I still had one last question for Dr. 
Huang. “Xi Jinping said China will end absolute poverty by 2020, but what comes 
after that?” 

“The government just met to discuss this issue,’ Dr. Huang said. “The word 
‘winning’ shows that comprehensive poverty alleviation has timeliness. Whether it 
is 2020 or 2021, there must be a clear time, and there can be no endless delay. But 
what kind of governance model will China provide to the world in 2050? China will 
definitely continue to battle poverty, and establish a long-term mechanism to solve 
relative poverty. It is difficult to foresee China’s future path but it will have several 
elements: 


1. We must modernize the country’s governance system and capacity and consider 
the solution of relative poverty. 

2. The governance of relative poverty must have standards such as goals, scope, 
strategy and systems. We are even now researching how to do this. 

3. We must further capitalize upon Xi Jinping’s concept of precision poverty 
alleviation. 

4. Some effective basic experience in solving poverty and developing poverty alle- 
viation formed during the decades since the founding of New China will surely 
persist and carry forward. For example, the advantages of social mobilization, 
assistance in the village, precision poverty alleviation and east-west cooperation 
in poverty alleviation.” 
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Belt and Road Poverty Alleviation 


The Belt and Road Initiative (BRI) will also benefit from China’s experience. Dr. 
Huang said, “Adding elements of poverty reduction during the Belt and Road coop- 
eration process is part of our country’s foreign aid and diplomacy. All foreign devel- 
opment assistance programs related to the BRI must incorporate poverty reduc- 
tion elements, with a focus on improving people’s living standard. Over the past 
17 years, China has invested 100 million Yuan in Laos, Cambodia, and Myanmar on 
community poverty reduction projects. 

“We are also looking at integrating all aspects of poverty development in some 
other countries and making sure that poverty reduction there is more sustainable. 
But this is a new field for us; there are still many problems. For example, many 
domestic social organizations are still in the early stage of development and have 
many imperfections and challenges. Cultivating entrepreneurs in other countries is 
also problematic. But in fact, the most important thing is that when enterprises go 
global, they go global with ideas that are within the context of other nations’ laws, 
culture, and customs. If there is no legal awareness, it is hard to implement abroad 
what may have worked well at home. Lack of cultural awareness can also create 
problems abroad. Poverty alleviation must have cultural and social integration to be 
sustainable.” 

If solving poverty at home has been challenging, tackling it abroad seems even 
more overwhelming. But Dr. Huang said, “I am still full of confidence. By 2050, if 
our country does not make serious mistakes in the development process, then many 
countries will learn from China’s development model.” 

Dr. Huang’s enthusiasm was contagious; I share his confidence. In spite of seem- 
ingly endless challenges and setbacks, the nation has for 70 years pursued its ideal 
of a moderately prosperous society without poverty. And even though China has 
accomplished more than any other nation in alleviating poverty, it is not resting on 
its laurels but continuing to learn and advance and, most importantly to me, sharing 
its experience with other nations. 

I look forward to interviewing Dr. Huang again in 2050! 


Supplement: Twenty-First Century Barefoot Doctors 
for the World 


Some 300 years ago, Westerners believed that China’s “Art of Government” was an 
even greater accomplishment than its four great inventions. In the 1800s, Britain was 
first in the West to adapt China’s ancient imperial exam to hire civil servants based 
on ability instead of relationships or hereditary privilege, and in 2013, BBC claimed 
China’s meritocratic system was the basis for all modern recruiting. 
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That was Old China, of course—but New China, with only 70 years under its belt, 
has even more to teach us—especially the lessons from such anti-poverty programs 
as barefoot doctors—the world’s first attempt at truly universal healthcare. 

In the Harvard Public Health magazine’s Fall 2018 issue, Chi-Man (Winnie) 
Yip, professor of the Practice of Global Health Policy and Economics of the Harvard 
T.H. Chan’s School of Public Health, shared her vision of “21st-Century Barefoot 
Doctors”. 


“Fifty years ago, during the Cultural Revolution in China, a cadre of ‘barefoot doctors’ — 
some 1.5 million peasants who received intensive three- to six-month training in anatomy, 
bacteriology, birth control, maternal and infant care, and other topics — were dispatched to 
provide basic healthcare for their rural communities. Even in the midst of the revolution’s 
social upheaval, this low-tech medical corps (named for the fact that many worked in their 
own rice paddy fields when they weren’t tending to their neighbors) was highly successful, 
significantly reducing infectious disease and boosting life expectancy. 


“In the 1980s, with market reform, the barefoot doctor system came to an end. But the 
program served as a model and inspiration for the famous 1978 Alma-Ata Declaration on 
primary healthcare. Chi-Man (Winnie) Yip, professor of the practice of global health policy 
and economics, believes the program continues to hold lessons for today. 


“The barefoot doctor program was a low-cost strategy that achieved high health outcomes. 
Its core principle was to keep people healthy. And the program reached everybody — it was 
universal healthcare in its very core. Just as impressive, barefoot doctors were part of the 
community, understood the community, cared about the community, and were trusted by the 
community. 


“Today, many low- and middle-income nations are trying to build strong primary care systems 
that provide health promotion, disease prevention, accurate diagnosis, effective treatment, 
timely referral, and management of non-communicable diseases — such as hypertension, 
diabetes, even some cancers and mental health problems. Unfortunately, lack of highly 
trained staff is a major bottleneck in building such systems. 


“My idea of a 21st-century barefoot doctor is someone with two to three years of training 
post-junior high school, who will be enabled with artificial intelligence and big-data-assisted 
decision support. Apps or web-based tools will use data analytics to prompt the doctors to ask 
the right questions, supply the likelihood of various diagnoses, and recommend treatment. 
It’s an algorithm decision tree, but supported by big-data analysis. 


“Twenty-first-century barefoot doctors will be most suitable in areas that are remote and rural 
and have older people left behind in the global wave of migration to cities. These doctors 
will need to be respected as the foundation of the healthcare system. They will also need to 
earn a decent income — although income alone is not what will keep them in their jobs. If 
21st-century barefoot doctors become a reality, it could transform today’s treatment-centric 
healthcare systems into systems that keep people healthy and at scale.” 
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Chapter 19 A) 
Raising Submerged Economies ciecie; 


My goal is always the same: to invoke the past as a shield for the future, to show the invisible 
world of yesterday and through it, perhaps on it, erect a moral world where men are not 
victims and children never starve and never run in fear. 

Elie Wiesel, Nobel Laureate (in “A Personal Response”) 


History teaches us that men and nations behave wisely once they have exhausted all other 
alternatives. 


Abba Eban, Israeli politician 


The world has much to learn from China’s 70-year war on poverty, but even as doctors 
must diagnose a disease before curing it, so we must unearth the roots of poverty if 
we are to vanquish it. Trying to end endemic global poverty without addressing its 
causes is little better than treating malignant skin cancer with a Band-Aid. 

Scholars struggle to coin a term for poor countries that is both neutral and politi- 
cally correct—developing countries, less developed countries, third world countries, 
emerging nations. I prefer “emerging nations” because “emerging” betrays the fact 
that they have been “submerged”. 

The deliberate submergence of nations persists to this day, though the mechanisms 
that perpetuate poverty are more insidious than the in-your-face colonialism of a 
century ago because they masquerade as modern political and business practices 
given a veneer of respectability by academia and media. 


Blood Diamonds, Blood Opium 


The 2006 movie Blood Diamond shocked the world, but we also have blood copper, 
blood coffee, blood bananas and chocolate, blood copper, tin and oil. Even in this 
enlightened twenty-first century, massive profits are made at the expense of the 
poor—who are then blamed for their predicament, absolving the perpetrators of 
guilt. But fake news is nothing new. 

The U.S. is outraged—and rightfully so—by Mexican drug lords’ smuggling 
drugs into America, but their profits pale in comparison to the billions made by the 
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West’s century of opium sales to China to pay for China’s tea, silk and porcelain. 
The nationalized drug trafficking in nineteenth century enriched the West while at 
the same time destroying China economically and morally. 

Three hundred years ago, China and India accounted for two thirds of the 
global GDP. Even Harvard Business Review noted that China’s economy was “more 
open and market driven than the economies of Europe.” But by the 1940s, both 
were destitute and, not surprisingly, the Western opium-based economies basked in 
unprecedented wealth. 

When America’s first multimillionaire, John Jacob Astor, died in 1848, the empire 
he’d leveraged from nine years of opium smuggling in China was worth USD 20 
million—USD 140 billion in today’s money. 


Boston Built on Opium 


In “How Profits from Opium Shaped 19th Century Boston,” Martha Bebinger wrote, 
“In a city steeped in history, very few residents understand the powerful legacy 
of opium money... Boston’s elite — the Delanos (grandfather of president Franklin 
Delano Roosevelt), Cabots, Cushings, Welds and Forbes built their fortunes, and 
built Boston, on China opium smuggling.”! 

Perkins, a wealthy Boston merchant, sold over 150,000 Ib of Turkish opium from 
just one shipment, and according to John Rogers Haddad, a professor of American 
Studies at Penn State University, made millionaires of many others. “China had 
a really strong economy in the early part of the 19th century and the Americans 
were able to tap into that by exchanging tea for opium,” Haddad said. “Opium was 
really a way that America was able to transfer China’s economic power to America’s 
industrial revolution.” 

Bebinger wrote: 


Tax revenue from the trade funded Massachusetts police and fire departments, roads, bridges, 
courthouses and schools. Opium profits funded many leading Boston institutions. The 
Perkins brothers helped found Massachusetts General Hospital, McLean Hospital and the 
Boston Athenaum. The names of other opium barons are engraved on university buildings, 
high schools and public libraries. “There was an unwitting dependency in Boston on profits 
from the opium trade,” says Towson University associate history professor Elizabeth Kelly 
Gray. “But today, that history is largely buried. Most institutions contacted for this story did 
not know their benefactors got rich selling an illegal drug in China.”? 


The Chinese emperor tried, repeatedly, to stop the opium trade, and Lin Zexu wrote 
to the Queen of England asking why they forced on China what was illegal in their 
own nation. “Such conduct is repugnant to human feeling and at variance with the 
Way of Heaven.” 


"https://www.wbur.org/commonhealth/2017/07/3 1/opium-boston-history. 
7https://www.wbur.org/commonhealth/2017/07/3 1/opium-boston-history. 
3https://www.wbur.org/commonhealth/2017/07/3 1/opium-boston-history. 
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“The Way of Heaven,” Lin explained, was: 


...fairness to all; it does not suffer us to harm others in order to benefit ourselves. Men are 
alike in this all the world over: that they cherish life and hate what endangers life. Your 
country lies 20,000 leagues away; but for all that the Way of Heaven holds good for you as 
for us, and your instincts are not different from ours; for nowhere are there men so blind as 
not to distinguish what brings profit and what does harm.... 


But on April 6, 1843, the Times summarized Prime Minister Robert Peel’s position: 


Morality and religion, and the happiness of mankind, and friendly relations with China, and 
new markets for British manufactures were all very fine things in their way; but that the 
opium trade was worth to the Indian government £1,200,000.... 


Lin Zexu finally confiscated Britain’s opium, and even paid for it, though it was 
illegal. As he burned it, he noted that the English would certainly feel shame at 
their actions and the opium trade would end. England’s response was not shame but 
war—with fake news to justify it. 


Opium Trade a Human Right? 


America’s first reference to China’s human rights was in the 1840s when ex-President 
Adams tried to drum up American support for Britain’s 1st Opium War. He whipped 
Americans into a frenzy of righteous indignation with his revelation that China’s 
refusal to engage in trade was a “violation of the rights of men and nations.” He 
never noted that China refused to import only one item—opium. 

Although China lost the 1st Opium War, the drug remained illegal. Had England 
required legalizing opium in the Nanking Treaty, it would have been tantamount to 
admitting the war was over opium, which Western powers deny even to this day. 
But as opium profits mushroomed, the West chafed at China’s restrictions, so Britain 
fought a 2nd Opium War to legalize the trade. 

This time around, England’s entire parliament objected to a second war, which 
Lord Derby argued was “the shedding of the blood of unwarlike and innocent people 
without warrant of law and without the warrant of moral justification.” 

Lord Palmerston simply accused them of disloyalty, dissolved Parliament and 
sent them home, and set the Fake News machine in gear by telling the British people 
that China had dishonored their Queen with “acts of violence, insults to the flag and 
infraction of treaty rights.” Again, he did not mention opium, but after this war China 
was forced to “legalize” the deadly drug. 

By 1900, all of Asia was reeling from the West’s drug trade. Opium accounted 
for 60% of Britain’s Asian income in 1916 and it was estimated that up to a quarter 
of Chinese adults were opium addicts. But opium addiction also spread to the West. 
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Coming Home to Roost: Opium Addiction in the West 


Eighty years earlier, Lin Zexu had prophetically warned the West, “For so long 
as your subjects make opium, who knows but they will not sooner or later take to 
smoking it?” By the twentieth century, opium addiction was global, and international 
conventions were held in 1912 and 1925 to debate the causes. Britain was selling 
500 tons of opium annually to India and 700 tons yearly to China. Opium accounted 
for 60% of Britain’s Asian income, including 48% of their Singapore revenue and 
100% of their North Borneo revenue. But the Western experts concluded the global 
opium epidemic was caused solely by China’s opium because the West’s opium was 
legal, whereas China’s opium, grown and sold only in China, was illegal. 

China had begun growing its own opium only in the hope that increased production 
would saturate the market, destroy the high profits and the West would abandon the 
trade. When that failed, China burned its opium fields and renewed its anti-opium 
campaigns, though they had “legal” power to stop the West’s drug trafficking in their 
own country. 

India, like China, had also begged Britain to stop the opium trade. Britain 
responded that her opium monopoly was a humanitarian service to India, as it had 
been to China, and that to end the opium trade would be a “mockery; to many millions 
it would be sheer inhumanity”. Britain kept its opium monopoly right up into the 
1940s, when the profits were no longer vast enough to justify the embarrassment of 
a civilized nation engaged in drug trafficking. 


Catastrophe or Statistics? 


Major-General Clive had once called India a “rich and flourishing kingdom”, but 
during England’s 190-year rule of India, farmers were forced to grow opium instead 
of crops. With nothing to eat but opium, some 60 million starved to death during 
Britain’s rule. But these numbers are simply too large to move ordinary people. 

During the Nuremberg War trials, a former SS officer said that Eichmann, who 
organized the extermination of the Jews, was asked what would happen after the war 
if people asked about the missing millions. Eichmann replied, “One hundred dead 
are a catastrophe; one million dead are a statistic.”* 

The West made billions from the opium trade and millions of Asians suffered, but 
the numbers are so vast that they go right over our heads and hearts. In the 1700s, 
China and India accounted for two thirds of the global GDP. By the 1940s, they were 
destitute—and we blame them for their failure. If we do speak of the opium wars, 
we maintain the fiction that they were over free trade, not opium. 

In “China as ‘Victim’? The Opium War That Wasn’t’, Harry G. Gelber, visiting 
scholar, Center for European Studies, Harvard University, writes: 


4Simon Wiesenthal, “The Holocaust: A Warning to the Murderers of Tomorrow”, in Encyclopedia 
of Genocide: A-H., Israel W. Charny, Jan 1, 2000. 
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The 1840—42 Anglo-Chinese war (the so-called “Opium War’) is almost universally believed 
to have been triggered by British imperial rapacity and determination to sell more and more 
opium into China. That belief is mistaken. The British went to war because of Chinese 
military threats to defenseless British civilians, including women and children; because 
China refused to negotiate on terms of diplomatic equality and because China refused to open 
more ports than Canton to trade, not just with Britain but with everybody. The belief about 
British ‘guilt’ came later, as part of China’s long catalogue of alleged Western ‘exploitation 
and aggression.’ 


Blood Trade: Today’s “Opium” 


While the era of nationalized drug trafficking at gunpoint is behind us, today we traffic 
in blood diamonds, oil, chocolate, bananas, sugar—anything that turns a profit—and 
we are as adept today as a century ago at blaming the victims for their poverty, and 
from our wealth we dole out medical aid to those we deny a living wage. 

Consider Africa today. The Dark Continent is so large that it could hold China, 
the U.S. and Europe and still have room left over. And this vast land is the richest 
continent in natural resources, yet also the most destitute continent. These nations are 
now “liberated”, but they are still run by puppet governments or military dictatorships 
backed by the former colonial powers to maintain trade advantages. It is no surprise 
that most wars in Africa are not between countries but within countries—corrupt 
governments fighting rebels, who are labeled freedom fighters or terrorists, depending 
on what nation has armed them. 

In 1980, Africa accounted for only 0.4% of global manufacturing. In 2002, the 
figure had dropped to 0.3%. By 2004, it had inched up to 1.5%—still miniscule but 
at least an improvement—and largely because China had started to help build Africa 
in the same way as it had helped its own people—not through aid, which engenders 
dependency, but through building fundamental infrastructure that created oppor- 
tunity, and fostered self-sufficiency. For as China learned too well: aid enfeebles, 
enablement empowers. 

My youngest son Matthew and his wife do volunteer medical work in Africa, and 
even in the remotest places, they see Chinese building highways, railways, dams and 
power stations. No wonder my African friends who are graduate students at Xiamen 
University like Braughham’s book, The Dragon’s Gift: The Real Story of Africa in 
China. 


Fair Trade, Not Aid 


TED Talks has three talks addressing aid in Africa that I have watched many times. 
“Aid for Africa? No Thanks” by Andrew Mwenda; “Free Trade, Not Aid” by Dambisa 
Moyo, and “Aid Versus Trade” by Ngozi-Okonjo-Iweala—these should be required 
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viewing for anyone with even the slightest interest in practical, sustainable poverty 
alleviation and the dangers of simplistic aid. 

Latin American and Asian countries have shared the same fate as Africa. 
Malaysia’s British colonial overlords cited Ricardo’s 1817 “law of comparative 
advantage” as justification for building Malaysia’s economy on mining and agri- 
cultural exports and restricting any Malaysian manufacturing that would compete 
with British imports. But Prime Minister Mahathir came into power in 1981 and 
by 1988, manufacturing exports surpassed those of primary commodities for the 
first time and Malaysia became the world’s top exporter of semiconductor chips. 
This economic success in turn helped the nation improve education, healthcare and 
living standards—but Malaysia was an exception. Many Asian, Latin American and 
African countries are still shackled to economies dependent solely upon exporting 
their natural resources. 

Scholars like Kenichi Ohmae warn poor nations to avoid this “resource trap” but 
he does not address the fact that these nations have no choice. Attempts at reform are 
met with swift and brutal retaliation. Since the 1940s, the U.S. alone has engaged 
in almost 100 attempts at “regime change”—ostensibly to preserve human rights 
and democracy but in reality simply to keep in power those leaders who best protect 
“American interests” (sugar in Cuba, copper in Chile, coffee in Columbia, bananas 
in Guatemala, cheap fruit and veggies in Peru). 

As an American, I too believe we should protect American interests—but that 
should not include waging war or installing a murderous dictator in Chile to ensure 
cheap coffee or in Africa to secure exports of cheap diamond, cobalt and uranium. 

A century ago, the so-called World Order allowed the opium trade and blamed 
the victims for their poverty. Today, neither China nor India fear such foreign inter- 
vention, but smaller poor nations have as little hope today as they had 100 years 
ago—even if they could duplicate China’s measures for ending poverty. They’ve no 
choice but to rely on “aid” that serves largely to keep them in their place. 

Some 33% of U.S. foreign aid is for military assistance and 11% is for political 
intervention. Although 42% is earmarked for long-term development, over half of 
this is for health-—but of what use is improved health to people who are denied a 
living wage? 

As Dr. Viktor Sidel said to the U.S. government in 1979 about China’s improved 
health: 


Part of this change in health in China in the course of one generation has nothing whatever 
to do with medicine. It has to do with what people eat, the houses which they live, the way 
in which they’re clothed, and the ways in which they live together... Food distribution is a 
far more important determinant of health than is medical care. 


Proffering medical and educational aid to people enslaved by institutionalized unjust 
trade is simply lifting them up by one hand while drowning them with the other hand. 

There is hope, of course. Only this morning, I read about Bill Gates investing 
millions in healthcare for the poor. I admire Bill and Melinda Gates and applaud 


Shttps://www.cfr.org/backgrounder/how-does-us-spend-its-foreign-aid James McBride, “How does 
the U.S. spend its foreign aid?” October 1, 2018. 
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their efforts. But unless they use their wealth and influence to help address the very 
causes of poverty, they too are just slapping Band-aids on a malignant cancer. 
There are signs, however, that some companies have a conscience—if it’s not too 
costly. Nestle, for example, has boosted its own profits while increasing farmers’ earn- 
ings by helping them to improve efficiency and protect the environment—successful 
measures that could have been taken from China’s own anti-poverty playbook. 


Fair Trade: A Good Start 


I am also thankful for the growing number of “fair trade” organizations. I buy fair 
trade products, even though they cost more than others, because I know the fig farmer 
in Turkey or cocoa farmer in South America was paid a fair price for their product. 
Of course, to be sure this is legitimate fair trade and not just more fake news, I look 
for the “fair trade” seal. As the website Fairtradecertified.org urges: 


“Seek the seal, make a difference. The Fair Trade Certified™ seal represents thousands of 
products, improving millions of lives, protecting land and waterways in 45 countries and 
counting. Purchases have sent USD 610 million to farmers and workers since 1998.” 


Yes, USD 610 million over 22 years is a pittance compared to the billions in annual 
trade—but it is a start. As Fair Trade Certified notes in an article about cocoa, 
“Brands worry that consumers would not be willing to pay more for a product, 
even if it’s supporting the well-being of workers and their communities.” The article 
then concludes by urging us, the readers: 


“Tell your favorite brands that you want to know how they source their cocoa and other 
ingredients and tell them you care enough to buy fair trade. Brands are listening to you, and 
you can make a big difference for people like Kakou and Awa.” 


You and I may not be able to change government or corporate practices but we can 
make a difference by our own individual choices. 


Precision Poverty Alleviation Abroad Through BRI 


As China has proven over the past 70 years, and especially since Xi Jinping’s adoption 
of precision poverty alleviation, enablement, not aid, is the solution to poverty. Aid 
is sometimes necessary, especially during disasters, but even better is to help foster 
self-reliance in nations and peoples—as China is now attempting with the Belt and 
Road Initiative in other nations. 

I do know the Belt and Road Initiative has shortcomings, but with no historical 
precedent for lifting an entire nation from poverty, Beijing made mistakes even in 
its own country. There is even less precedent for one nation—a developing one at 
that—to engage in such a massive, truly global infrastructure project to build other 
nations as it has its own. 
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Only last week, the U.S. warned the world against the Belt and Road Initiative, 
saying it could do better than China has. I don’t doubt that, given its wealth. Yet so 
far, these wealthy nations have only criticized China’s actions while taking few of 
their own—with the exception of programs like the “Africa Military Command” to 
protect the governments that secure their profitable business ventures. 

I hope that the West does indeed embark on its own infrastructure projects in 
Africa. But Africa is big enough and needy enough for both East and West to help. 

Or we can continue to do nothing, for as Edmund Burke (1730-1797) wrote in 
a letter to Thomas Mercer,° “The only thing necessary for the triumph of evil is for 
good men to do nothing,” 

But Burke’s longer version of the problem is as incisive today as it was 250 years 
ago: 

Whilst men are linked together, they easily and speedily communicate the alarm of 
any evil design. They are enabled to fathom it with common counsel, and to oppose it with 
united strength. Whereas, when they lie dispersed, without concert, order, or discipline, 
communication is uncertain, counsel difficult, and resistance impracticable. Where men 
are not acquainted with each other’s principles, nor experienced in each other’s talents, 
nor at all practised in their mutual habitudes and dispositions by joint efforts in business; 
no personal confidence, no friendship, no common interest, subsisting among them; it is 
evidently impossible that they can act a public part with uniformity, perseverance, or efficacy. 
In a connection, the most inconsiderable man, by adding to the weight of the whole, has his 
value, and his use; out of it, the greatest talents are wholly unserviceable to the public. No 
man, who is not inflamed by vain-glory into enthusiasm, can flatter himself that his single, 
unsupported, desultory, unsystematic endeavours, are of power to defeat the subtle designs 
and united cabals of ambitious citizens. When bad men combine, the good must associate; 
else they will fall, one by one, an unpitied sacrifice in a contemptible struggle. 


Today’s instant, global communication links the world more closely than ever in 
history—but if we do not work together, we may survive but the poor nations “will 
fall, one by one, an unpitied sacrifice in a contemptible struggle.” 

Today’s instant communication has potential for uniting us, but online interactions 
and a glut of information can also serve to desensitize us. When Pope Francis visited 
the U.N.’s World Food Program in July, 2016, he warned that we are bombarded 
with so many images of pain and poverty that we accept poverty as natural, as “just 
one more news story,’ rather than acknowledging that poverty results from “a selfish 
and wrong distribution of resources” and abuse and exploitation of the earth. 

“The key to ending extreme poverty and hunger,’ Pope Francis said, “is to recog- 
nize that behind every statistic, there is the face of a person who is suffering... Without 
faces and stories, human lives become statistics and we run the risk of bureaucratizing 
the sufferings of others....’” 

Wealthy of the world, unite. With today’s technology, and the experience of nations 
like China, for the first time in history we have the means and the methods to end 
poverty. We lack only the will. 


6Edmund Burke, “Thoughts on the Cause of the Present Discontents” (1770), Select Works of 
Edmund Burke, vol. 1, p. 146 (Liberty Fund ed. 1999). 
Thttps://www.catholicnews.com/services/englishnews/2016/extreme-poverty-is-a-reality-not-a- 
faceless-statistic-pope-says.cfm. 
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Part III 
Taking the Chinese Dream Global 


Chapter 20 A) 
China’s Precision Urban Poverty geai 
Alleviation; Lessons for the World 


I am 58 years old and I’ve witnessed China’s decades of development firsthand. Today, 
China’s first-tier cities like Beijing, Shanghai and Guangzhou are in no way inferior to the 
big cities in the developed countries or places like Europe. Even in urban development, they 
are far better than many big cities abroad. I have been to more than 100 countries, and I know 
from personal experiences that we lead the world in our technology and urban construction. 


Feng Yougen, Chairman of Panlong Group, Xiangtan, Hunan 


Urban Apocalypse 


In 1800, only 2% of humanity lived in cities; today, it is 55%, according to the UN. 
In the next 33 years, the population will grow by 2.9 billion—equal to another China 
and India—and 80 to 90% of the people will live in cities—but what kind of cities? 

In 1960, Lagos, Nigeria, had less than 200,000 people. The population today is 
21 million and projected to reach 85 to 100 million people by 2100—and the urban 
poverty will be mindboggling—even in “richer” nations like Mexico, just across the 
border from the U.S. 

Mexico boasts the world’s 15th largest economy but 60% of its people are in 
the informal economy.' They pay no taxes but also have no medical, education or 
retirement benefits. They don’t exist on paper but their poverty is far too real and 
economists see no hope for them. 

Given the horrors of runaway urbanization, China surprised the world when it 
announced its massive “National New-Type Urbanization Plan, 2014—2020”, with a 
goal of moving 100 million people from rural areas to cities by 2020, and 250 million 
by 2026. But unlike in other nations, China’s urbanization is planned with precision 
as the next step in alleviating rural and urban poverty—and it offers some lessons to 
help the rest of the world escape an almost apocalyptic scenario. 

China’s improved rural living conditions over recent decades have helped slow 
urbanization and even in some cases helped reverse it. But some areas such as areas 
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of Ningxia, Gansu or Yunnan have such poor natural conditions that workers are 
thankful for government sponsored programs to guarantee reliable, well-paid jobs 
and safe living conditions in cities. The problem with this strategy is that it sometimes 
separates families—hence China’s move to help rural families relocate to cities. 

But can Chinese cities absorb 100 million people without spawning the slums 
and poverty seen in other nations? I had my own doubts until 2002, when I helped 
Xiamen compete in The International Awards for Livable Communities (Livcom) in 
Stuttgart, Germany. 

I had witnessed Xiamen’s dramatic transformation over 14 years but until I spent 
eight months preparing for the competition, I had no idea of the complex, holistic 
long-term plans and strategies behind the city’s success. I was not surprised when 
one of the six international judges told me, “Xiamen is not only No. 1 but No. 2 is 
far behind.” 

Iassumed Xiamen’s success was unique in China until I helped Quanzhou compete 
in the 2003 competition in the Netherlands. Our neighbor 60 km to the north, 
Quanzhou was the start of the ancient Maritime Silk Road and Xi Jinping’s inspira- 
tion for the Belt and Road Initiative. Called Zayton by the Arabs, Quanzhou was the 
greatest port in the Middle Ages: 


And I assure you that for one shipload of pepper that goes to Alexandria or elsewhere, 
destined for Christendom, there come a hundred such, aye and more too, to this haven of 
Zayton; for it is one of the two greatest havens in the world for commerce. 


The Travels of Marco Polo 


But modern Quanzhou people are as formidable as their seafaring forebears. 


How Could Quanzhou Win the Gold? 


Quanzhou not only won the gold in 2003 but also landed a second gold for heritage 
management. I was on cloud nine until reporters in Quanzhou asked me as soon as 
I stepped off the plane, “How on earth could Quanzhou win the gold?”. 

I was shocked, but a year earlier I’d been just as ignorant as they were of what it 
takes to make a livable city, so I quickly wrote a newspaper article explaining why 
Quanzhou well deserved its double golds. 

Part of the problem was translation. Livcom was translated into Chinese as “Inter- 
national Garden City Awards”, so Chinese, like many foreigners, shared the miscon- 
ception that Livcom was about flowers and gardens, but landscaping was one of six 
categories that went into the holistic creation of a humane, livable community. And 
Chinese cities, as I discovered, excelled in all six categories because their urban 
development was planned, not piecemeal as in many other countries. 
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Does China Have Tall Buildings? 


I was proud when a European leader said in the Netherlands in 2003, “We need to 
learn how to get community involvement like the Chinese do.” In 2005, a Canadian 
mayor in Spain said, “Chinese cities are so creative at solving the problems we all 
face.” But I was reminded in 2007 in London that the world still had much to learn 
about China when a well-traveled, university-educated European mayor said, “I did 
not know that China had tall buildings.” 

Over the following decade, all but one Chinese city I worked with won the 
gold, and three won double golds, but after the first couple of cities I was no 
longer surprised. The more I learned, the more impressed I became at the consis- 
tency of urban practice across the entire country. National, provincial and municipal 
plans were thoroughly coordinated and integrated, though each city had leeway to 
incorporate unique elements of their geography, climate, history and culture. 

I slowly discovered that China tackled urbanization with as much precision as it 
did rural poverty, but with 1.4 billion people, it could not afford to do otherwise. The 
consequences of failure would be catastrophic. But I also discovered, to my dismay, 
that cities in other countries did not have such farsighted urban strategies. When an 
Australian leader said, “I’m so surprised China has cities like this,’ I wanted to reply, 
“I’m so surprised the rest of the world does not have cities like China’s!”. 

I could write an entire book on how Chinese cities uniformly excelled in all six 
Livcom categories, but below are just a few examples to prove that China, unlike the 
rest of the world, is not only coping with urbanization but actually capitalizing upon 
it to improve lives in both city and country. My hope is that the rest of the world will 
take heart and learn from China’s example. 


Livcom Category One: Landscape Management 


It was challenging on Xiamen, a small island, to improve the infrastructure while 
preserving its pristine “garden island” environment, but Xiamen did so by building 
miles of tunnels through its hills to create a largely invisible highway network all 
the way from my university to the airport and beyond. Xiamen also built gardens 
and parks with vast parking areas and shopping centers, and used “vertical greenery” 
(plants on walls, bridges, roofs). The statistics speak for themselves. From 1980 
to 2001, even as Xiamen’s skyscrapers mushroomed and the population more than 
tripled from 491,000 to 1,651,000, urban green space grew from 13 to 35.7%. 
Quanzhou’s GDP averaged 26% annual growth from 1992-2002, yet urban green 
space doubled from 16.1 to 31.2% even as the city built 115 km of new roads (90% 
of which were green belts). In 2002, Quanzhou received the U.N.’s top 40 “Dubai 
International Award for Best Practices in Improving the Living Environment”. 
Changxing City’s green coverage doubled from 21.1% in 2003 to 43% in 2008 
and public park green space per capita grew from 2.2 squ. m in 1998 to 20 squ. m 
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in 2008. Even the entire roof of Changxing’s city hall is a beautifully curved expanse 
of lush green lawn. 

Beijing’s Dongcheng District, which competed in 2010, managed to expand green 
coverage from 35% in 2005 to 41.9% in 2009—amazing given the constraints in the 
nation’s capital. 


Livcom Category Two: Heritage Management 


I was amazed to learn that even little Xiamen island has 139 protected heritage sites, 
including a 1,300-year-old temple and China’s oldest Protestant Church. Chinese 
cities protect and promote numerous forms of intangible cultural heritage—martial 
arts, Chinese paper cutting, Kung Fu tea ceremonies, Chinese hand puppets and 
marionettes, Chinese opera, calligraphy, dragon dancing and dragon boat racing. 
And most cities that I visited had had primary to high school textbooks of both 
national and local heritage, including the heritage of local minorities. Each city had 
numerous museums (17 in Xiamen alone), but even more creative was the extensive 
use of open-air displays of history and heritage so people could enjoy history in daily 
life even without visiting museums. 

Quanzhou’s restoration of Zhongshan Rd., which 1,000 years ago was considered 
the richest street in the world, won the UNESCO Asia Pacific Cultural Heritage 2001 
Award of Merit. Changxing spends 3% of local revenues on heritage management, 
including its 1250 years of silk and tea, and its schools teach the children folk opera, 
dragon dancing and Chinese chess and Go. 


Livcom Category Three: Environmentally Sensitive 
Practices 


Xiamen spent over 2% of its GDP on environmental protection (and Nanjing, one 
of China’s ancient capitals, spends 3.5%). As former Xiamen Mayor Hong Yongshi 
told me, “We’re not following the Western model of destroying the environment 
to develop and then repair it. We’ll protect the environment as we grow.” Over a 
20-year period, Xiamen was No. 1 in growth and No. 2 in greening for cities of its 
size. Of China’s 27 national indexes for environmental protection model cities, 23 
were developed in Xiamen. Xiamen banned DDT and BHC in 1985, and promotes 
biological pest control (which Chinese first used at least 1,700 years ago). Beijing 
Dongcheng District cut pesticide use by 50% by planting 95% indigenous drought- 
resistant species and using biological pest control. Not only many cities have 12 years 
of environmental study texts and programs for children but many of them involve 
the children in designing and implementing their own programs. 
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Chinese cities’ eco-innovations seemed endless. Songjiang low-flush toilets saved 
720,000 tons of water annually. Most cities used solar heating and street lamps. 
Some recycled waste into flooring, construction materials and waste cans. Organic 
garbage was transformed into safe, organic livestock feed. Gray water is recycled 
for parks irrigation. Wujin, which spends 3% of its GDP on the environment, safely 
incinerates garbage to produce electricity, transforms silt into construction bricks and 
fuel, recycles straw to produce 4% of China’s laminated boards, and uses bio-gas to 
generate rural electricity. 

Changxing requires that all new structures be built with energy-efficient windows 
and doors and thermal materials, many of which are locally produced from recycled 
wood and bamboo. 

Nanjing, with a population of 10 million, spent 3.5% of its GDP on the 
environment and cut the use of all energy by 50% between 2006 and 2010. 


Livcom Category Four: Community Involvement 


Foreign leaders’ most common question for me was, “How on earth do they get such 
broad community participation in everything?” Since the internet’s availability in 
the 1990s, Chinese cities have had e-government websites with real-time updates 
on key issues and numerous avenues for public feedback. As a result, many urban 
innovations are bottom-up initiatives by citizens. Xiamen’s mayor’s hotline became 
a model for the entire country, with its strict deadlines for responses and emphasis 
on transparency, accessibility and involvement. 

Chinese are especially keen on environmental, cultural, sports and educational 
initiatives. Citizens will plant a tree at the drop of a hat—or for birthdays, weddings 
and anniversaries. Quanzhou volunteers planted almost 6 million trees from 1998 
to 2002, and Changxing volunteers planted 30% of the 11,869,000 trees planted 
from 2003 to 2008. Volunteers also provide free medical care for senior citizens 
or disadvantaged residents, free legal service and medical care for migrant workers 
unsure of their rights, free classes and training. Rural/urban cooperation programs 
are also increasingly popular. I’ve met many teens like the girl at New Channel in 
Beijing who volunteers for online math tutoring of rural children. 


Livcom Category Five: Healthy Lifestyle 


Urbanites the world over face the same health issues caused by aging popula- 
tions, over-crowding, increasingly sedentary lifestyles, poor diet, etc. But Chinese 
philosophy and medicine has for over 2,000 years emphasized prevention over cure 
through a healthy lifestyle—a notion that has caught on in the West only during 
the past couple of decades. Many cities not only provide free health checkups but 
also promote healthy lifestyles through free courses in traditional cultural arts and 
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practices—everything from martial arts and dragon dances to basketball, soccer, 
volleyball, cycling, sailing, wind surfing, hiking and mountain climbing, marathons 
and triathlons. 


Livcom Category Six: Future Planning 


As an Englishman said in 2017, the U.S. and China’s biggest difference is that one 
is run by lawyers and the other by engineers. But in spite of the “engineer leaders” 
proven prowess, they don’t try to reinvent the wheel. Every city I visited had sent dele- 
gates to other cities in China or abroad to “learn the best from the best”. Urban teams 
learned city management from Paris, France; cultural preservation from Venice, 
Italy; water environment treatment from Sydney, Australia; urban architecture from 
Aberdeen, Scotland; environmental sanitation from Singapore; waste water manage- 
ment from German cities. And their visionary long-term plans were often developed 
in partnership with leading global firms such as RIA (Japan), Sarl Frederic Rolland 
International (France), KOLL (USA), HRP (Australia), SANCHO-MADRIDEJOS 
(Spain) and GN (USA). 

And sometimes the way forward was backward. In 1988, bicycles were luxuries. 
A decade later, everyone wanted cars. Today, healthy clean cycling is making a 
comeback as cities design self-contained communities so everything is within a 
bike’s ride on designated bike lanes. Wujin boasts that even police ride bicycles. I 
asked how cops on bikes could catch a thief in a car? They reassured me that Wujin 
criminals have promised to ride bicycles to give the police a chance to catch them. 

Nowadays, of course, most people don’t own a bike. We use our mobile phones 
to rent everything from bicycles to umbrellas on a rainy day. 


Precision Planning or Piecemeal Initiatives? 


In summary, urbanization is inevitable in today’s world, but whether it leads to 
apocalyptic dystopias like the UN’s projections for Lagos, Nigeria or Delhi, India, 
depends entirely upon world leaders’ resolve and determination to attack the problem 
head-on—and not with a hodgepodge of piecemeal initiatives but precision planning 
and accountability as China has demonstrated with its precision poverty alleviation, 
or precision urban planning—or even its precision epidemic alleviation during the 
COVID-19 crisis. 

Even as I write this, China is handling the pandemic with unwavering resolve, 
regardless of economic cost, because the priority today, as when New China was 
founded in 1949, is that most basic of human rights—life. But this people-first convic- 
tion predates even New China’s founding in 1949, when Chinese leaders first voiced 
the Chinese Dream of a moderately prosperous society in which no one was left 
behind. 
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Chinese leaders’ passion for their people goes back at least 2,500 years to the days 
of Confucius, from whom came the idea of a meritocracy of scholar bureaucrats who 
were morally mandated to prepare themselves as well as possible to serve China’s 
millions to the utmost of their ability. And whether 1,000 years ago or today, they’ve 
proven they are quite capable. 

I hope the rest of the world can take heart and learn from their example. 
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Chapter 21 A) 
China’s Confucian Moral Meritocracy: geit 
A Model for Tomorrow? 


Study the Past to Understand the Present 


“Know yourself and know your enemy,” Sun Zi wrote in The Art of War, but although 
China has learned much about the world, the world still knows little about China, 
harboring such naïve misconceptions as “Chinese are not good at business” (Yoshi- 
nari, 1988), “Chinese can’t innovate” (Harvard Business Review, 2014) and “China 
is a threat to world peace”—a tenacious trope since Liberation in 1949. 

In reality, Chinese have excelled at trade for over 3,000 years, been exceptionally 
innovative and inventive, and have such an aversion to war that even Sun Zi’s Art of 
War warns violence is only the last resort when all other measures fail, the supreme 
art being to “subdue enemies without fighting.” 

China has survived and thrived on every front through the ages only because of 
a system of moral governance so unique and revolutionary that it helped shape the 
European Enlightenment. 

Some 2,400 years ago, Plato advocated a meritocratic utopia led by intelligent, 
wise, reliable philosopher-kings, but Plato probably had no idea that 7,000 km away 
and 150 years earlier, Confucius had already set in motion a meritocracy—but he went 
one better than Plato. Rulers in Plato’s utopia held hereditary offices but Confucius 
called for leaders chosen solely for morality and merit, regardless of ancestry. Over 
2,000 years later, European philosophers fed up with the “divine right of kings” were 
astonished at what they read in Jesuit missionaries’ translations of Chinese classics. 

Voltaire (1694-1778), the greatest thinker of the Enlightenment, claimed that 
China was a nation ruled by philosophers, and displayed a portrait of Confucius on 
his library wall. He wrote, “They have perfected moral science, and that is the first 
of the sciences.” Voltaire wrote in 1764, “One need not be obsessed with the merits 
of the Chinese to recognize at least that their empire is in truth the best that the world 
has ever seen.”! Voltaire even suggested that Europe replace its ailing monarchies 
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with a Chinese meritocracy. “What should our European princes do when they hear 
of such examples?” Voltaire asked. “Admire and blush, but above all imitate.” 

The mathematician Leibniz wrote in his 1697 book, Novissima Sinica (Latest 
News from China): “I almost think it necessary that Chinese missionaries should be 
sent to us to teach the aims and practice of natural theology, as we send missionaries 
to them to instruct them in revealed religion.” 

Francois Noel (1651—1729), poet and Jesuit missionary to China, wrote in the 
introduction of his translation of China’s six classics that he wanted the reader to not 
only “become acquainted with what the Chinese have written, but that you may put 
into act what they have rightly thought’. 

But many Europeans felt threatened by this call to learn from China. The great 
German philosopher Christian Wolff (1679-1754) lost his position at the University 
of Halle after a 1721 lecture in which he praised Confucius’ moral precepts and 
China’s system of moral governance. He was given 48 h to leave Prussia or be 
hanged. 


The Generational Curse in Governance 


Europeans especially admired Confucius’ call for universal education (The Analects, 
15.39) so that even commoners who proved themselves competent and virtuous 
could hold office. Confucius opposed hereditary offices because he had observed that 
hereditary aristocracies suffered the same “generational curse” as family businesses. 

Chinese have long said that wealth does not extend beyond three generations 
because the first generation gains wealth through ability (merit), the second gener- 
ation learns from the first but has an easier life and is less driven, and the third 
generation takes wealth for granted, has a sense of entitlement, and often squanders 
all that has been passed down to them. “I pity a rich man’s son,” said Conwell (1843— 
1925). “The statistics of Massachusetts show us that not one out of seventeen rich 
men’s sons ever die rich. They are raised in luxury, they die in poverty.” 

But hereditary governments, Confucius knew, suffered the same generational 
curse. Powerful people seized the throne to create new dynasties but their descen- 
dants, competent or not, had a sense of entitlement, taxed the people to fund their 
lavish lifestyles and paid less attention to wise and just rule. Social unrest then led 
to overthrow of the unjust government and the cycle began anew. 

The solution, according to Confucius, was an education-based meritocracy, 
although he made it clear his ideas were not new but simply a clarion call to return 
to the high ideals and morals of China’s “Ancient Ways” (The Analects, 7:1). 

The “Ancient Ways” began with the Three Sovereigns, ancient God-kings whose 
rule was benevolent, pragmatic, and people-centered. They improved people’s lives 
by giving them basic skills and knowledge. Their benevolence, uprightness and 
competence, reflected in their pragmatic inventiveness to meet people’s needs, led 
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Confucius to write that rulers should be “generous in caring for ordinary people and 
just in exacting service from the people” (The Analects, 5:16). Chinese socialism 
today shares this same pragmatism. 

The Three Sovereigns were followed by Five Emperors (2852-2070 BC), who 
were kings that enjoyed long, prosperous reigns because of their uprightness and 
morality. Their example suggested that moral governance was a prerequisite for 
peace and prosperity, and that immorality or incompetence was followed by the 
“generational failure” that destroyed the Shang Dynasty (1600-1046 BC). 

The Shang Dynasty, ruled by 31 kings over 17 generations, initially enjoyed 
popular support because the people led peaceful, prosperous lives, but fortunes 
declined as rulers became complacent, corrupt and immoral. 

Historian Sima Qian (145—? BC) said that the last Shang Dynasty king, King Di 
Xin (1075-1046 BC), had abilities far above average. Legends claimed he was so 
smart that he won all arguments and so strong that he hunted wild beasts with his 
bare hands. But later in life, Di Xin abandoned proper governance of the country and 
spent his time in drunken orgies and composed crude erotic songs with poor rhythm 
(a shocking affront to a nation which even 2,200 years ago had a governmental 
department of music and poetry). Di Xin’s heavy taxes to pay for his debauchery led 
to such social unrest that King Wu was able to overthrow him in 1046 BC. 

To justify Di Xin’s overthrow, the Zhou Dynasty (1046-256 BC) introduced the 
notion of the Mandate of Heaven, which held that immoral or inept rulers lose the 
support of Heaven and are replaced by a new ruler who did not need to be of noble 
birth, only moral and competent. 

Like the Shang Dynasty in its prime, the Zhou Dynasty initially prospered. Zhou 
had a powerful military, excelled in shipbuilding and celestial navigation, and was 
known for its literature and philosophy. With many government leaders chosen for 
their intellectual ability, it is not surprising that the dynasty produced great thinkers 
like Lao Zi, Mo Zi, Yang Zhu, Confucius and Mencius, and many of China’s great 
classics such as the Five Classics (Book of Changes, Book of Songs, Book of History, 
Book of Rites, and Spring and Autumn Annals) as well as the perennially popular 
The Art of War, which to this day is studied by everyone from the U.S. Army? to 
basketball coaches. 

But by Confucius’ day, the Zhou Dynasty had obviously lost Heaven’s favor. The 
kings waged endless wars and lived in fear of assassination, the peasants paid heavy 
taxes to fund the wars, and ruthless bandits roamed the land. It was in this context 
that Confucius became prime minister of Lu. 

Under Confucius’ guidance, the prince of Lu became so powerful that a neigh- 
boring prince, frightened by Lu’s success, sent him a gift of 80 beautiful girls trained 
in music and dance and some fine horses. This gift was the prince’s undoing. He 
took such pleasure in the girls that he ignored his responsibilities and Confucius’ 
counsel. Confucius eventually resigned and departed—though he left slowly, hoping 
in vain that the prince would call him back. Confucius wandered from state to state 
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for 12 years hoping to find a ruler willing to learn sound governance, but none would 
listen. He finally returned to live quietly at Lu, where he refused government posi- 
tions and spent his time teaching his followers, studying the classics and committing 
ancient traditions to writing. Just before his death at 73, he told a pupil, “No wise 
ruler arises, and no one in the empire wants me to be his teacher.” 

Confucius’ failure at politics, however, proved to be a blessing for posterity 
because it gave him the time to pen the classics that would guide China even into the 
twenty-first century. 


Confucius on Government 


Confucius taught that a good government had three priorities—sufficient food, suffi- 
cient army and the will of the people. If any had to be given up, first to go should 
be the army, with food second, but confidence was last because no government is 
sustainable without the people’s confidence. Confucius also warned that no govern- 
ment could demand confidence, but must earn it by insuring the peoples’ needs are 
met. Thus the first priority is to prosper people and the second is to educate them—the 
fundamental priorities that China holds to this day. 

Although Confucian society pivoted on right relationships and social harmony— 
each person knew their place and kept it—commoners who cultivated their virtue and 
knowledge through education could attain offices. “In teaching,’ Confucius wrote, 
“there should be no distinction of classes” (The Analects, 15.39). 

This notion of universal education eventually led to the meritocracy in which 
people competed through exams and were promoted based on merit—a system that 
lasted into the early twentieth century. Giles wrote in 1902 that China’s real rulers 
were the district magistrates, a position open to anyone passing the exams: 


The district magistrates, so far as officials are concerned, are the real rulers of China ... the 
first step on the ladder is open to all who can win their way by successful competition at 
certain literary examinations.... Want of means may be said to offer no obstacle in China 
to ambition and desire for advancement. The slightest aptitude in a boy for learning would 
be carefully noted, and if found to be the genuine article, would be still ... more carefully 
fostered. Not only are there plenty of free schools in China, but there are plenty of persons 
ready to help in so good a cause. Many a high official has risen from the furrowed fields, his 
educational expenses as a student, and his travelling expenses as a candidate, being paid by 
subscription in his native place. 


Even my own province of Fujian has many stories of rural youth rising from obscurity 
to high position—people like Li Guangdi (1642-1718), who was born in the remote 
village of Hutou but studied diligently as a child and became a highly honored prime 
minister under Emperor Kangxi. 
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Confucian Leadership by Example 


Confucius stressed that officials not only be moral and competent but that they lead 
through ethics rather than coercion, through example rather than law. For Confucius, 
force was always the last resort. In The Analects 2:3, he said, “If you try to guide the 
common people with coercive regulations and keep them in line with punishments, 
the common people will become evasive and will have no sense of shame. If, however, 
you guide them with Virtue, and keep them in line by means of ritual, the people will 
have a sense of shame and will rectify themselves.” 

Ethics and integrity was so important to Confucian scholars that some abandoned 
careers rather than betray principles. The brilliant polymath, Zhang Heng (78-139), 
gave up promotions rather than compromise his positions on history and calendar 
issues. In 1938, Lewis wrote of courageous twentieth century Chinese sages: 


There is a bravery characteristic of the sage ... boldly to carry into practice his views of the 
doctrines of the ancient kings; in a high situation not to follow the current of a bad people; to 
consider that there is no poverty where there is virtue, and no wealth or honor where virtue 
is not; when appreciated by the world, to desire to share in all men’s joys and sorrows; when 
unknown by the world, to stand up grandly alone between heaven and earth and have no 
fears — this is the bravery of the highest order. 


Taoist Government 


Taoism influences Confucian Chinese culture and government to this day. Legend 
has it that Confucius consulted Lao Zi, founder of Taoism. Lao Zi was also disil- 
lusioned with the leadership and gave concrete suggestions on ethical governance, 
with a strong emphasis on small and minimally intrusive government. Like Confu- 
cius, Lao Zi urged minimal control so people would be virtuous, and controlled from 
within rather than from without. “The earliest leaders,’ Lao Zi said, “didn’t talk, they 
acted, and when they’d done their work, the people said, ‘Amazing: we did it, all by 
ourselves!’”. 

We see echoes of Taoism’s minimal control today in Chinese leader’s emphasis 
on empowerment and self-reliance, and Xi Jinping’s call to lift people from “poverty 
of spirit”. 

Even former U.S. President Ronald Reagan quoted Lao Zi in his Jan. 25, 1988 
State of the Union Address: “And as an ancient Chinese philosopher, Lao Zi, said, 
‘Govern a great nation as you would cook a small fish; do not overdo it.’”. 

The element of Taoism in today’s government that most impresses me stems from 
Lao Zi’s, “When work is done and one’s name is being known, to withdraw into 
obscurity is the Way of Heaven.” American politicians upon leaving office usually 
sign lucrative book contracts and go on speaking tours to tout their successes and 
criticize their successors. But we rarely hear from Li Peng, Jiang Zemin, Hu Jintao, 
Wen Jiabao and many other Chinese leaders who, upon leaving power, also left 
the spotlight. I’ve been honored to attend many meetings with many officials, from 
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municipal to national level, and have never ceased to marvel at their humility and 
absence of self-aggrandizement—both of which are deeply rooted in both Taoism 
and Confucianism. 

As Lao Zi said, “The skillful traveler leaves no traces of his footsteps.” 


The Confucian School 


Today, it is hard to imagine a world without the wisdom of Confucius and Lao Zi, but 
they almost vanished from history when Emperor Qin Shi Huang, who first unified 
China and completed the Great Wall, burned philosophers’ books. But thanks to the 
foresight of the 7th Han Emperor, Wudi (156-87 BC), Confucianism became the 
cornerstone of Chinese culture and governance for ages. 

Wudi adopted Confucian ethics and philosophy and ensured that his vision was 
perpetuated by creating a Confucian school for administrators. He also promoted 
poetry and music by creating the Imperial Music Bureau. But Wudi’s greatest contri- 
bution to posterity was the imperial exam, which arose from his relentless battle 
against corruption and the nobility’s stranglehold upon the nation. 

Wudi removed all non-government tolls, sent sycophantic noblemen back to their 
rural fiefdoms, punished criminal noblemen (who heretofore had been above the law), 
and infuriated the nobility when he ended their monopoly on power by recruiting 
talented commoners who had passed the imperial exam for government positions. 
His exam would also infuriate British noblemen some 2,000 years later. 

The exam system was so patently logical and effective that the British govern- 
ment adopted it in 1832 for use in India, and in 1846 created a civil service exam 
in Britain. The British nobility were furious because it ended their monopoly on 
lucrative government jobs. On July 17, 1863, a nobleman complained during the 
Parliamentary Debates, “The English people did not know that it was necessary for 
them to take lessons from the Celestial Empire.” 

The world has far more to learn from the “Celestial Empire” today than it did in 
1863. New China has continued to evolve and modernize, and now leads the world in 
many areas. But thankfully, this ancient but irrepressibly youthful nation continues 
to cherish the ancient immutable ideals and ethics that enabled it to survive the ages. 
As Dr. Nevius wrote in 1892: 


From time immemorial China has been the recognized teacher of all the nations around her 
and the pupil of none. She may well be excused for claiming a respect which for centuries 
all her neighbors have accorded to her. In this respect she stands in striking contrast to 
Japan. Japan is accustomed to take the place of learner, having largely derived her literary 
culture and even her language from China... It is not strange that China clings tenaciously 
to institutions which have stood the test of millenniums and given to her such a marvelous 
degree of national prosperity. 


Dr. John L. Nevius, Chinese Recorder, Vol. 23, Nov. 1892 
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Confucian Societies Abroad? 


China’s socialism has succeeded so well precisely because it fits hand in glove with 
the ancient Chinese ideal of a people-centered, benevolent, peace-seeking govern- 
ment by leaders selected solely for their morals and merit. No wonder Voltaire called 
for China’s governmental model to be adopted in Europe—but perhaps it’s not too 
late. As Prof. Kwan Im Thong Hood Cho of Yale-NUS college wrote, “Perhaps the 
twenty-first century will see the victory of Confucian societies, in which economic 
growth is guided for the public good by a meritocracy.’”* 
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4Kwan Im Thong Hood Cho, “The Confucian Roots of Xi Jinping’s Policies”, The Straits Times, 
Nov. 15, 2017. 


Chapter 22 A) 
The Ancient Ethics Behind New China’s Geck for 
Success 


I had felt the impact of this immense vitality the moment I first set foot in Amoy. I came 
upon it by no rational process, no social studies. I met the tide of lusty and abundant life 
full in the face, with all its primitive urges undiluted. It was a life, at times, frightening in its 
force. 


Averil Mackenzie-Grieve, English resident of Gulangyu, Xiamen, 1920s 


cer 


Xiamen people’s “immense vitality” was as overwhelming when we arrived in 1988 
as it had been for Averil 60 years earlier. In spite of overwhelming challenges, Xiamen 
people were optimistic about the future because conditions were already better than 
anyone alive had ever seen. I too had confidence, because Chinese of all people have 
proven they can handle hardship. But I suspected we were “planting trees for future 
generations to enjoy the shade”; I never imagined our own generation would witness 
such a rapid transformation. 

We weren’t thrilled with Xiamen’s living conditions but I was captivated by the 
cheerfulness of people like the bicycle repairman, who with his wife slept in a tiny 
loft above their 3 m wide shack. Every time I’d ask, “How much?” he’d reply, 
“Nothing. Wait until you’ve a big repair.” And then he’d offer me tea in a cheap, 
thimble-sized clay cup but served with such grace and poise you’d have thought we 
lounged beneath a banyan in a scholar’s courtyard rather than perched on rickety 
bamboo stools between rusty bike parts and rubber tires. Mr. Li had not finished 
primary school but he was a Confucian gentleman to the core in values, priorities 
and behavior. 


Optimism Rooted in “Superior Civilization” 


I saw the same optimism and decorum in everyone from university leaders to the 
street sweeper and garden laborer who helped keep China’s most beautiful campus 
in pristine condition. But such optimism, quiet self-confidence and dedication to the 
task at hand is nothing new and helps explain Chinese’ successes both at home but 
abroad. Maclay wrote of Southeast Asia’s Chinese in 1861: 
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By their intelligence, industry and capacity for business they almost monopolize all the 
important and highly remunerative departments of labor; commerce passes into their hands, 
and they become the chief factors, the leading spirits in the native communities in which 
they live... 


Chinese monopolized business across Asia even in the face of colonial powers 
conducting trade at gunpoint because their “superior civilization” was rooted in 
what Confucius himself considered “Ancient Ways”. 


Ancient Ways of the Yellow River 


Some 2,500 years ago, Confucius said, “I transmit rather than innovate. I trust in 
and love the Ancient Ways” (The Analects, 7:1). These Ancient Ways, Confucius 
explained, promised peace and prosperity to nations whose people were moral, just 
and peaceful, but devastation to those who strayed from the primordial and immutable 
Way of Heaven. Lin Zexu appealed to this Way of Heaven in a futile attempt to 
dissuade the British from smuggling opium: 

The Way of Heaven is fairness to all; it does not suffer us to harm others in order to benefit 

ourselves. Men are alike in this all the world over: that they cherish life and hate what 

endangers life. Your country lies 20,000 leagues away; but for all that the Way of Heaven 


holds good for you as for us, and your instincts are not different from ours; for nowhere are 
there men so blind as not to distinguish what brings profit and what does harm.... 


Deities of Self-Sufficiency 


These Ancient Ways were promulgated by Chinese Civilization’s legendary 
founders—great god-kings like the Three Sovereigns, and heroes such as Shennong. 
Chinese revered these god-kings not for their supernatural traits or intervention in 
daily affairs but because they taught people pragmatic skills to solve their own prob- 
lems. Skills such as making fire, building houses, planting and processing the “five 
grains” and domesticating animals allowed Chinese to migrate from their caves to 
the 752,000 squ. km Yellow River Basin in which they formed the agrarian villages 
that evolved into Chinese civilization. But the Mother River of China and source of 
Chinese civilization has been both a blessing and a bane. 

The Yellow River winds from Qinghai in the far west near Tibet up to Inner 
Mongolia and east to Shandong where it empties what is left after irrigating the dry 
central plains of China. The Yellow River is an ancient giver of life—but it also 
brings death. The river has changed course dramatically about every 100 years, and 
flooded 1,593 times between 602 BC and 1946, with the 1931 flood, the worst natural 
disaster in history, killing | to 4 million. 

Yet perhaps this very adversity helps account for ancient Chinese’ innovativeness. 
Necessity, after all, is the mother of invention. After the father of Yu the Great (2123— 
2025 BC) failed to tame the river with dykes, Yu spent 13 years on his new “not dam 
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but divert” strategy. Today, Yu is revered for creating the irrigation system that tamed 
the floods and brought prosperity to China’s heartland. But Chinese also admire Yu 
because he ate and slept with the workers and even shared their physical labor—a 
spirit admired to this day in leaders such as Xi Jinping, who as a young Party secretary 
in Fujian not only inspected farmers’ living conditions but even helped them hoe their 
fields. 


Reality Outshines Myth 


Chinese have endless legends to account for their unique inventiveness and indus- 
triousness but archaeology has revealed that Chinese prospered long before the 
god-kings showed up. 

The Yellow River basin agrarian settlements at Hebei’s Nanzhuangtou Neolithic 
Site (8,700-7,500 BC) cultivated millet and processed grains with stone slabs and 
rollers up to 6,000 years before the Yellow Emperor’s day. The villages of the Peili- 
gang Neolithic Site (7,000-5,000 BC) in Henan grew millet and raised pigs, poultry 
and cattle, and fished with nets of hemp. Relics include stone sickles and rollers for 
harvesting and grinding millet and pottery for cooking and storing grains. The Jiahu 
villages to the south planted rice. 

The ancient Yellow River basin’s architecture was so innovative that other nations 
are adopting it to this day. With its “bamboo bones” in walls of earth and gluti- 
nous rice, rammed earth dwellings are earthquake-proof and self-healing, with some 
buildings standing for 700 years. These homes are comfortable year round thanks to 
superb acoustic and thermal insulation, and are so eco-friendly that the techniques 
have been adapted for everything from hospitals, churches and schools to a meditation 
center at Stanford University and Napa Valley’s newest luxury hotel, the Bardessono 
eco-resort. 

Ancient Yellow River agricultural practices were so ingenious that they were 
centuries and even millennia ahead of those in the West. In the 1600s, Dutch sailors 
borrowed Chinese agricultural techniques and tools, which led to the Agricultural 
Revolution that in turn made possible the Industrial Revolution. 

Even into the twentieth century, foreign experts were amazed at Chinese farmers’ 
ingenuity in squeezing crops from the smallest plots of land for centuries with no 
deterioration in soil quality. Johnston described in 1898 how “indomitable” Chinese 
coaxed crops on vertical slopes as “inaccessible as the nest of the eagle”: 


At first the hills rise abruptly from the water’s edge on either side, those to the south rising 
to a height of two thousand feet rugged and bare, except where the indomitable energy and 
industry of the Chinese have planted their little crop of rice on terraced slopes, or in nooks 
and crannies which seemed from our point of view as inaccessible as the nest of the eagle. 


“There are no more clever farmers in the world,” concluded Philip Wilson Pitcher 
in 1893—but Chinese cleverness went far beyond farming. 
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Master of All Trades 


In English we talk of a “jack of all trades and master of none”, but Chinese seemed 
to have mastered all trades they put their hand to—and thousands of years before the 
West. Shore was astonished at the size and productivity of Xiamen Chinese oyster- 
beds and wrote in 1881, “While we in Europe are still writing essays and pamphlets 
on the theory of the subject, this practical people have been obtaining good results 
for the last 1,800 years.” 

Westerners also marveled at how Chinese craftsman effortlessly conjured up 
quality products with the simplest tools, techniques, and material—be it fine wood 
or a strip of common bamboo. George Coffin! wrote of Chinese carpenters in 1908: 

The carpenter’s tools at first sight seem rude and clumsy to a Yankee, but to see them handle 


them one must confess that they do not work so hard and can accomplish more than our 
carpenters.... They paint better than we do.... 


Chinese’ attention to detail delighted foreigners, with Elizabeth? Lewis exclaiming 
in 1938 how this integrity in workmanship reflected Chinese ideals of beauty and the 
“individual industrialism” at the heart of Chinese’ entrepreneurial success at home 
and abroad: 


If any one Chinese virtue occurs more widely and to more marked degree than others, it 
is probably integrity in workmanship.... Whether a potter struggling to perfect a glaze; an 
ivory carver laboring for years on a screen worth a king’s ransom; or a humble housewife 
stitching shoe soles for her family, the same patient and painstaking attention is given to 
detail, the same effort poured into producing what will not only serve the immediate pursuit, 
but will have beauty and durability as well. Satisfaction in work well done seems to be its 
own reward in China; certainly no other is apparent in this land where labor, even when it 
becomes creative art — and only the thinnest line exists between Chinese artist and artisans 
— is the cheapest of all commodities. 

This racial characteristic of thoroughness may be due to the Middle Kingdom’s having been 
throughout the centuries a civilization composed of individual industrialists. The largest 
establishments rarely consisted of more than the proprietor and six or seven helpers; great 
factories and mills appeared only with the introduction of foreign methods. Any man trained 
in a craft could set up business for himself in his own home; doing all the work in person or 
being assisted by the members of his household until that day when he could afford to feed 
and shelter an apprentice. 


Cultivating a Philosophical Character 


What is truly remarkable is the excellence pursued by all Chinese, Confucian scholar 
or illiterate farmer alike. John MacGowan wrote in 1907 that a Chinese is a blend of 
Spartan and Buddha with virtually unlimited persistence: 


1 George Coffin, A Pioneer Voyage to California and Round the World, 1849 to 1852, Gorham B. 
Coffin, Illinois, June, 1908. 


2Elizabeth Foreman Lewis, Portraits from a Chinese Scroll, the John C. Winston Company, Chicago, 
1938. 
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.... It is this same absence of nerves that enables the Chinese to bear suffering of any kind 
with a patience and fortitude that is perfectly Spartan. He will live from one year’s end to 
another on food that seems utterly inadequate for human use; he will slave at the severest 
toil, with no Sunday to break its wearisome monotony, and no change to give the mind rest; 
and he will go on with the duties of life with a sturdy tread and with a meditative mystic 
look on his face, that reminds one of those images of Buddha that one sees so frequently in 
the Chinese monasteries or temples.... The staying power of the Chinese seems unlimited. 
The strong, square frames with which nature has endowed them are models of strength. 


MacGowan 1907 


Rose Talman, one of MacGowan’s contemporaries in Xiamen, wrote of the “great 
difference in the psychology of Eastern and Western Society”: 


To their conditions they have developed responses — frugality (nothing wasted in China), 
patience, industriousness, sense of humour — a philosophical approach to the realities of life. 
These are the qualities that make the Chinese tough and persevering and give them the will 
to love and fight against poverty. The Chinese enjoy few luxuries in material things. They 
are not an acquisitive society. The people yearn more for peace and stability — a climate for 
work rather than affluence or wealth for the sake of pleasure. There is a great difference in 
the psychology of Eastern and Western society. 


Rose Talman, Amoy Missionary, 1916-1930, unpublished memoirs 


Chinese at all levels of society, whether scholar, farmer or fisherman, were Confucian 
in philosophy and practice because the Confucian values of humaneness, justice, 
norms, knowledge and integrity, and their concomitant behaviors, were taught not 
just in classes but in everyday life by leaders’ consistent examples. 

This Confucian ethos was so pervasive and effective that even the northern 
nomadic invaders who overran China were forced to admit their newly conquered 
subjects’ superiority and became more Chinese than the people themselves. Maclay 
wrote in 1861 of how China has remained virtually unchanged over the millennia: 


The permanence of Chinese institutions is worthy of notice in this connection. It is a signif- 
icant and singular fact that, from the earliest period of their authentic history to the present 
time, the Chinese have preserved intact and inviolate every important feature and principle 
of their government and civilization. The successive irruptions of northern barbarians have 
neither abrogated nor essentially modified Chinese institutions. The conquering races who 
have overrun those fertile plains have stood abashed ... and after subduing the empire, they 
have invariably adopted its government, laws, civilization, and language. 


Maclay would not be surprised to learn that even in the twenty-first century, socialist 
China is also grounded upon the ancient ways because, as Confucius taught, they are 
the only sustainable path to peace, prosperity and stability. 


Peace Rooted in Patriotism and Probity 


Of all Chinese traits, I most admire their love of peace, which is rooted in patriotism 
and probity. Chinese have never sought to colonize distant lands (see Chap. 25) in 
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part because it is immoral but also because they love their own homeland so deeply 
that they simply have no need to seize someone else’s. 

This Chinese patriotism is, admittedly, hard for foreigners to understand or believe. 
Western media paints Chinese as poor, oppressed and chafing for change, but in 
driving over 200,000 km around China during 32 years, I’ve been astonished at how 
consistently Han Chinese and minorities alike love their country and are grateful 
for its changes. That’s not to say they don’t have complaints. Every nation on earth 
has issues and the planet’s most populous nation is no exception. But whether 100% 
satisfied or not, Chinese view China as their home—even when far from home! In 
1881, Shore wrote that many Chinese sought their fortune abroad but their dream 
was to return home to China, preferably in life but, if not, at least in death: 


.... Very many settle down in their adopted countries, but great numbers return home after 
amassing a competency; some, indeed, after death to be buried near their ancestors, for the 
Chinese have a deep regard for the mother country, and make a point of having their bodies 
embalmed, if, that is to say, they can afford it, and being sent back to their native place for 
burial. 


Shore, 1881 


I’ve seen the same pull of home during my three decades in China. Several of my 
brightest graduate students emigrated abroad but after a decade or two returned to 
a lower-paying job in China. One told me, “Life in America was comfortable and I 
had a bright career — but it wasn’t home — and I wasn’t doing anything as meaningful 
as I am here in China.” 


Confucian Work Ethic vs. Protestant Work Ethic 


Chinese also value peace simply because it is in accord with the Ancient Ways—the 
Way of Heaven that Lin Zexu tried to explain to Western opium smugglers. Sadly, 
Lin’s appeal to morality fell flat, even though Western capitalism was, in theory, 
grounded in what Weber called the “Protestant Work Ethic”. 

I read The Protestant Work Ethic and the Spirit of Capitalism in grad school, 
and then wrote “Beyond the Protestant Work Ethic” as my PhD dissertation because 
Christianity is not the historical explanation for capitalism’s success. I see nothing 
of Christ’s compassion, concern for the poor or demand for justice in the practices so 
vividly depicted by Dickens and Marx, and undertaken for centuries in Asia, Latin 
America and Africa. But to this day I do see the underlying influence of China’s 
Ancient Ways—an ethos ancient even in Confucius’ day that promised peace and 
prosperity if a nation followed the Way of Heaven’s “fairness to all”. 

There are only two paths to profit. We can either steal it (colonialism, opium and 
slave trafficking, today’s proxy wars to secure trade advantages), or we can earn it 
as Chinese have through the ages with industriousness, innovativeness and integrity. 

I hope that other nations will learn from China’s example, because only in the 
“Ancient Ways” of fairness to all, the foundation of China’s 70-year battle against 
poverty, does our little planet have any hope of escaping the unjust practices of the 
past five centuries? 
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Chapter 23 A) 
Confucian Capitalism and Innovation ciecie; 


Western media and academia have for decades perpetuated the fiction that Chinese 
are neither innovative nor good at business, but fortunately for the rest of the world, 
both claims are false. It was China’s prosperous economy, grounded in Chinese’ 
entrepreneurialism and solid support from a pragmatic government, that helped end 
the devastating Great Recession of the late 2000s. 

I see vivid proof of Chinese entrepreneurialism at every turn. Three decades ago, 
my first phone in China cost USD 450 and I waited three years to get it installed. 
Today, even Chinese beggars have cell phones and display QR codes for donations. 
My phone is a Huawei, my computer is Lenovo. And China has rapidly gone from 
Cashpoor to cashless. 


Cashpoor to Cashless 


In 1988, we had little cash but there was nothing to buy anyway, and many basic 
purchases required ration coupons. By 2017, China had the world’s most mobile 
phones and spent USD 16.7 trillion on mobile payments, compared with only 49.3 
billion in the U.S. And the rest of the world is not catching up but falling further 
behind. It is projected that in 2021, 79.3% of Chinese will use mobile payments 
compared with 23% in the U.S. and 15% in Germany. Even the remotest villages in 
Inner Mongolia, Xinjiang and Tibet have internet and villagers buy and sell online. 

Chinese are obviously quite savvy at business, and as its influence expands through 
the BRI, it is comforting to know that, unlike other so-called Great Powers, China 
has always sought success solely through commercial means. Not once has China 
colonize far flung lands as the U.S. did when U.S. Senator Beveridge said before 
Congress on January 9th, 1900: 
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The Philippines are ours forever....and just beyond the Philippines are China’s illimitable 
markets. We will not retreat from either... Our largest trade henceforth must be with Asia. 
The Pacific is our Ocean. 


Trade opportunities with China are as illimitable today as in 1900, but foreign nations 
are discovering that on a level playing field, without navies and armies to enforce so- 
called “trade”, Chinese are better at business than they’d ever imagined—and that is 
good news for other countries that seek peaceful coexistence and mutual prosperity. 


Are Asia’s Chinese False Capitalists? 


In 1988, Prof. Kunio Yoshinara wrote that most of Southeast Asia’s Chinese 
entrepreneurs are not truly industrial capitalists but “ersatz” (fake, or poor imita- 
tion) capitalists—mere monopolists, rent seekers and speculators in collusion with 
ruling elites.! In May, 1992, Business Week (May 4, 1992, pp. 18-20) also noted: 


In short, goes the argument, Southeast Asia’s top entrepreneurs, most of whom are ethnic 
[Chinese], may be whizzes at making easy money as concessionaires. But they do little to 
build domestic industries that can compare globally.” 


In reality, Asia’s best businessmen for centuries have been Chinese—in part because 
they had no choice. As we see from Senator Beveridges’ speech, even into the 
twentieth century, Western businesses relied largely on colonialism and military 
might but Chinese, without Beijing politics or a navy at their beck and call, were 
forced to rely entirely on business skills and strategy—and this turned out to be 
good for China because it forced Chinese to become adept at pure business, and they 
excelled. 


Harvard: China More Open and Market-Driven Than 
Europe 


Three hundred years ago, China and India accounted for two thirds of the world’s 
GDP, and in 2014, Harvard Business Review noted, “Until the early nineteenth 
century, China’s economy was more open and market driven than the economies 
of Europe.” 

As noted earlier, almost 160 years ago, in 1861, Maclay explained that Chinese 
merchants used their soft power to dominate business and then to become the 
“leading” spirits of their adopted homes. 


Kunio Yoshihara, The Rise of Ersatz Capitalism in South-East Asia, Oxford University Press, 1988. 
2 Business Week (May 4, 1992, pp. 18-20). 
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From Rice Seller to Henry Ford of Asia 


Mr. Chen Jiageng, the Henry Ford of Asia who founded Xiamen University in 1921, 
epitomized overseas Chinese’ use of soft power. Mr. Chen left Xiamen as a teen to 
help in his father’s Singapore rice shop. Within 20 years, he had built a global empire 
with 30,000 employees in 150 offices and 48 countries, and as a true “leading spirit” 
he donated over USD10 million (over USD100 million today) to build dozens of 
schools throughout Asia. 

Mr. Chen was both patriotic to China and a passionate global citizen. He designed 
XMU’s architecture with Chinese roofs and Western walls and columns to reflect his 
ideal of modern, international education grounded in traditional Chinese values and 
culture. His vision so impressed Chinese and foreigners alike that in 1920, the year 
before XMU opened, Paul Hutchinson wrote: 


This school [Xiamen University] is entirely a Chinese institution, with no foreign teachers 
and no foreign connections, and right out in a small Chinese village. The course of study 
is being made very practical.... When we think of the future days, it is one of the most 
encouraging things to be seen in the whole of China. 


Paul Hutchinson, 1920 


1930s “Typical Chinese Industrialist” 


In 1936, Lockhart used Chen Jiageng as his model of a typical 1930s overseas Chinese 
industrialist: 


But perhaps the greatest change in Malayan life is the emergence of the modern Chinese 
capitalist and industrialist... Externally, at least, he is Westernized from the soles of his 
brown shoes to his tie and collar ... there are still amazing examples of men who began life 
as an ordinary coolie and became dollar millionaires. 


... he is a fully-equipped industrialist with the money-sense of a Jew, the gambling instincts 
of a South African Rand magnate, the modern methods of a Bat’ a” or a Ford, and the tireless, 
persevering energy of an old time Glasgow Scot. He runs banks and newspapers. 

He has the stock exchange quotations of the world’s bourses at his fingertips. He is an 
authority on commodity prices. He owns rubber estates and tin mines. His factories turn 
out boots, cheap clothing, food stuffs, including canned pineapples, building materials, 
medicines, soaps, toys and articles made from rubber, and by the latest methods of modern 
salesmanship he contrives to export his goods to nearly every country in the world.... 
Above all, he is a generous giver to local institutions, and like American millionaires is fond 
of endowing hospitals, colleges and other educational institutions.... 


R. H. Bruce Lockhart, 1936 


When the West’s colonial empires in Asia failed during the twentieth century, the 
firms that had relied upon politics and militaries rather than business principles 
also failed—and overseas Chinese bought them cheaply. Today, overseas Chinese 


3Thomas Bat’s, 1876-1932, distinguished Czechoslovak manufacturer. 
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constitute less than 10% of the population of S.E. Asian countries yet control two 
thirds of the retail trade and 80% of the publicly listed companies.* 


Mainland Chinese as Formidable as Overseas Chinese 


Yoshinara was wrong. S. E. Asia’s Chinese are obviously quite good at business—but 
what about mainland Chinese? 

History shows that Chinese at home were as adept at business as their counter- 
parts overseas. China not only had a thriving trade but it also had extensive cultural 
exchanges, with the emperor offering an Alafa (allowance) even to foreigners to 
subsidize their philosophical or religious pursuits. 

“There is no people in the world wealthier than the Chinese,” said the famous 
Arab traveler Ibn Battuta (1304-1358), who over 30 years traveled farther than any 
other explorer in history—some 117,000 km. 

Marco Polo wrote of Quanzhou, the start of the Maritime Silk Road just 60 km 
north of my home in Xiamen: 


At this city you must know is the Haven of Zayton, frequented by all the ships of India, which 
bring thither spicery and all other kinds of costly wares. It is the port also that is frequented 
by all the merchants of Manzi, for hither is imported the most astonishing quantity of goods 
and of precious stones and pearls, and from this they are distributed all over Manzi. And I 
assure you that for one shipload of pepper that goes to Alexandria or elsewhere, destined for 
Christendom, there come a hundred such, aye and more too, to this haven of Zayton; for it 
is one of the greatest havens in the world for commerce. 


Great Commercial and Cultural Crossroads 


Ancient China not only excelled at trade and commerce but it was so open to other 
cultures and religions that the emperor offered an Alafa even to foreign missionaries 
like Andrew of Perugia, the Franciscan Bishop in ancient Quanzhou who wrote in 
1326 that the sum of these Alafas exceeded the entire revenue of some Latin countries: 


There, after the Archbishop was consecrated ...we obtained an Alafa from the emperor for 
our food and clothing. An Alafa is an allowance for expenses which the emperor grants to 
the envoys of princes, to orators, warriors, different kinds of artists, jongleurs, paupers, and 
all sorts of people of all sorts of conditions. And the sum total of these allowances surpasses 
the revenue and expenditure of several of the kings of the Latin countries. As to the wealth, 
splendor, and glory of this great emperor, the vastness of his dominion, the multitudes of 
people subject to him, the number and greatness of his cities, and the constitution of the 
empire, within which no man dares to draw a sword against his neighbor, I will say nothing, 
because it would be a long matter to write, and would seem incredible to those who heard it. 
Even I who am here in the country do hear things averred of it that I can scarcely believe.... 


4Frank-Jurgen Richter, Redesigning Asian Business: In the Aftermath of Crisis (2002), Quorum 
Books. p. 83. 
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In this place I continue to dwell, living upon the imperial dole before-mentioned.... Of 
this allowance I have spent the greatest part in the construction of the church; and I know 
none among all the convents of our province to be compared to it in elegance and all other 
amenities.... Tis a fact that in this vast empire there are people of every nation under heaven, 
and every sect, and all and sundry are allowed to live freely according to their creed.... 
Farewell in the Lord, father, now and ever. Dated at Zayton, A.D. 1326, in the month of 
January. 


Even into the twentieth century, Westerners marveled at Chinese business savvy, as 
well as their integrity. In 1912, Reverend Pitcher wrote of Chinese businessmen in 
In and About Amoy: 


... what shall we say of them? They are a part of a wonderful people ... in business circles, the 
commercial world, they have the reputation of being the most straightforward and conscien- 
tious merchants in the whole Eastern hemisphere.... You may always depend upon the man 
with whom you may be dealing to deliver the goods. No matter how much they may lose in 
the transaction the Chinese have the reputation of fulfilling their contracts every time to the 
letter. 


Confucian Innovation in Business 


Chinese are obviously adept at business, but what about the contention that they 
lack innovation and only copy others? In July, 2011, diplomat.com asked, “How 
does China kill innovation?” A March, 2014 Harvard Business Review article that 
acknowledged China’s historic openness to trade was entitled, “Why Chinese Can’t 
Innovate”. 

In May, 2015, U.S. Vice President Joe Biden said in a speech to the USAF 
Academy, “I challenge you, name me one innovative project, one innovative change, 
one innovative product that has come out of China.” That same year, Carly Fiorina, 
former Hewlett Packard CEO, wrote in her book, Rising to the Challenge: My 
Leadership Journey: 


Although the Chinese are a gifted people, innovation and entrepreneurship are not their strong 
suits. Their society, as well as their educational system, is too homogenized and controlled 
to encourage imagination and risk taking. 


Many experts opine that China’s rigid education curriculum stifles creativity, but 
if that were true, how did ancient Chinese with their rigid Confucian education 
invent everything under the sun? In reality, Chinese have long been innovative in 
governance, science and business precisely because their rigorous education gave 
them a foundation for critical thinking and problem solving. 

Confucius himself was quite creative, and he taught by asking questions that 
forced students to think on their own rather than parrot what he’d told them. He said, 
“If I show one corner and the student cannot deduce the other three, I do not repeat 
the lesson.” 
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One decade ago, the Western media trumpeted Chinese’ lack of creativity. Today, 
they are changing their tune. In April, 2019, Daniel Coughlin wrote for MSN Money 
titled “28 Incredible ‘Made in China’ Innovations That Are Changing the World”>: 


Scientific and technological breakthroughs that will blow your mind. A beacon of eye- 
opening innovation, including this month’s historic moon landing, China is becoming the 
global leader in everything from artificial intelligence and robotics to green energy ... we 
put the spotlight on 28 recent advances that reveal why the planet’s most populous country 
is rapidly getting ahead. 


Confucian Education: Key to Innovation, Business 
and Government 


Legends say the ancient Three Sovereigns improved people’s lives by teaching them 
fire, farming and building houses, but Chinese have had no problem innovating on 
their own ever since. As the saying goes, “indigo is bluer than the plant itself,’ 
meaning the follower has surpassed the master. 

Confucian education provided not only the intellectual foundation but also the 
moral imperative for innovation and commerce to feed, clothe and care for China’s 
teeming population, which even 2000 years ago numbered 60 million. 

To feed its millions, China adopted row crops in 500 BC, some 2300 years before 
Europeans, and started an agricultural research bureau in 200 BC. Chinese invented 
the iron plow in 300 BC; Dutch sailors saw it in Fujian in the 1600s, took it back to 
Europe, and in 1730 England patented this “Dutch plow”. In 200 BC, Chinese sowed 
seeds one at a time, in rows, using multiple-tube seed drills that weren’t widely used 
in Europe until the nineteenth century. Row crop farming was used in China in 500 
BC, 2200 years before the Europeans. The Dutch introduction of Chinese agricultural 
ingenuity to Europe—row crops, hoeing weeds, iron plow with mouldboard to turn 
the soil and multiple seed drills—brought about the Agricultural Revolution that 
heralded the Industrial Revolution. 

But history’s greatest agricultural triumph was Governor Li Bing’s Dujiangyan 
Irrigation Project built about 256 BC. To this day, Dujiangyan not only irrigates 
5300 sq. km of land but also prevents floods in ways that surpass even “modern” 
practices. In the U.S., 1578 dams were demolished between 1912 and 2018 because 
they impeded fish migration or caused other environmental issues, but Li Bing’s 
project even today allows fish and ships to travel unimpeded because he used the 
4000-year-old Chinese river management philosophy of diverting and channeling 
rivers rather than damming them. This project has for over 2000 years bolstered the 
economy of “the breadbasket of West China”. 

Scholars helped farmers with seasonal sowing by studying the heavens and mete- 
orology with 4500 years of records so accurate that NASA used them to study how 
much the earth’s rotation had slowed 47/1000 of a second over the past 3400 years. 


Shttps://www.msn.com/en-us/money/markets/28-incredible-made-in-china-innovations-that-are- 
changing-the-world/ss-BBRWnlD. 
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UK astronomers received the 1974 Nobel Prize for discovering a Crab Nebula pulsar, 
but in 1054 Chinese astronomers recorded the explosion that created it. 

Shen Kuo (1031-1095) wrote of climate change over time and how to prevent 
deforestation, the use of biological pesticides, pinhole cameras, music and math 
harmonics, raised-relief maps and morality, among other subjects. In 1856 in the 
UK, Bessemer patented a modern steel making process but Shen Kuo had described 
it 800 years earlier. 

China’s Confucian scholars also excelled at medicine. Chinese used ephedrine in 
2000 BC, and in 300 BC emphasized prevention of disease through proper nutrition, 
exercise and stress relief—the “healthy lifestyle” approach popular in the West only 
in recent decades. In 980, Chinese steamed clothes to reduce the spread of infections 
and in 1000 gave smallpox inoculations. 

In 2015, Dr. Tu Youyou received the Nobel Prize in medicine for a malaria cure 
she based on a 1600-year-old Chinese work (scientists abroad had tried over 240,000 
compounds without success). 

To better govern their vast empire, Chinese created “projection maps” 1400 years 
before Mercator “invented them”, and created gridded maps in the second century 
BC. In the eighth century, Chinese conducted a 2500 km geodesic survey from Indo- 
China to Mongolia and traveled to within 20 degrees of the south pole to study 
southern constellations. 

To facilitate trade, some 1400 years ago China started the 1100 mile Grand Canal 
to link Hangzhou and Beijing to the Silk Road and West China. The invention of 
pound locks for the Grand Canal made possible the European canals, including 
France’s Canal du Midi, which was considered an engineering miracle in the West 
even though it was only 150 miles long and built 1000 years after the Grand Canal. 

And Chinese of course invented not just paper but paper money, paper playing 
cards, greeting cards, toilet paper—and, of course, paper books. 


China is said to have more books than any other country... In Peking there are several blocks 
of streets in the Chinese city which are devoted to books. The Hanlin Library contained many 
thousand volumes. Among them there was one work comprising 23,633 volumes... 


Denby, 1900 


China’s Confucian scholars also excelled at math, inventing both the decimal system 
and the binomial math upon which computers depend. In 1535, Niccolo Tartaglia 
(1500-1557) excited Europeans with x? + ax = b, but 300 years earlier, in 1248, 
Chinese mathematician Li Ye (1192-1279) had calculated, ax + bx> + ex* + dx? 
+ ex? + fx + e = 0 (and also claimed that the earth was a sphere), and Chinese 
mathematician Yang Hui (1238—1298) drew “Pascal’s Triangle” almost 400 years 
before Pascal’s birth in 1623. A fifth-century father-son team was 1000 years ahead 
of Europe when they calculated pi as 3.1415929203. 
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Zhang Heng (78-139), a civil servant, invented the odometer, and a seismograph 
so sensitive that it detected an earthquake 1000 km away. He was also an astronomer, 
mathematician, engineer, geographer, map maker, artist, poet, statesman and literary 
scholar—quite versatile for a person of a rigid Confucian education. 

History proves that, far from stifling creativity, China’s Confucian education 
system has long served to foster the intellectual discipline and critical thinking 
needed to solve the great problems of a great nation. That innovation was seen 
in Chinese entrepreneurs holding their own against colonial empires, or government 
officials building the Dujiangyan Irrigation Project 2200 years ago, the Grand Canal 
1500 years ago, or the greatest maritime port in the world 1000 years ago. And it’s 
seen in modern China’s business and government as well. 


Innovative Confucian Government Today 


Although New China is socialist, its leaders’ values and goals are, in many ways, 
remarkably pragmatic and similar to those of 500 or 2000 years ago. Those who pass 
the entrance examination (the new imperial exam) and excel in college are placed at 
various posts around the country, moving up only if they prove themselves. And not 
surprisingly, today’s meritocracy is chockfull of engineers with the skills to meet the 
rapidly evolving needs of China’s one fifth of the planet’s population. 

Hong Kong-Apec Trade Policy Group executive David Dodwell wrote in 2017: 


The main difference between the U.S. and China is not that one is capitalist and the other 
communist. Rather, it’s that one is run by lawyers, and the other by engineers.° 


Confucian Engineer Leaders 


Jiang Zemin is an electrical engineer, and Li Peng, a hydroelectric engineer, helped 
design the Three Gorges Dam. Zhu Rongji is an electrical engineer. Xi Jinping 
studied chemical engineering. A Swiss ambassador said that Wen Jiabao, who has 
a postgraduate degree from the Beijing Institute of Geology, has a “mind like a 
computer”. I attended five meetings in Beijing with Wen Jiabao and each time he 
replied with statistics to every question put to him on diverse topics—and not a 
teleprompter in sight. 

Given the caliber of New China’s leadership, it is no surprise the nation has under- 
taken engineering feats that would have shocked even the ancients—such projects 
as the South to North Water Transfer, West to East Electric Power Project, the “Five 
Vertical, Seven Horizontal” Highways Project and the Three Gorges Dam and the 
world’s most extensive hi-speed railway networks. 


®https://stansberrypacific.com/china/china-technology-is-ten-times-better-than-you-might-think/. 
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But all of these pale beside the projects even now in place to complete the Belt 
and Road Initiative. 


BRI: Taking Precision Poverty Alleviation to the World 


In 2017 the World Economic Forum reported that from 1990 to 2005, China had 
accounted for three fourths of global poverty alleviation. The goal of China’s 
entrepreneurial leadership now is to use the BRI to tackle poverty in other nations 
as it has at home—by building fundamental infrastructure that will empower people 
to lift themselves from poverty. 

A century ago, the world thought that China was on its last legs, but foreigners 
intimate with the ancient nation’s history and spirit were confident the country would 
not just survive but thrive. Gamewell wrote in 1919: 


China is not like ancient Egypt, whose greatness has departed though she still lives on. China 
is a vital force whose largest possibilities of development lie before and not behind her. A 
new fresh life is beginning to course through the nation’s veins. 


Today, that new fresh life is coursing not only through China’s veins but through 
other nations as well—yet this inflames yet another Western fear—that China is out 
to conquer the world. 

I understand Western nations’ fears because after five centuries of colonialism, 
they fully believe that a powerful China will behave as they did, perhaps crying as 
the U.S. did in 1900, “The Pacific Ocean is ours!” 

Fortunately, Chinese have never sought conquest. If ancient Chinese had harbored 
even the faintest imperialistic tendencies, today the entire world would be speaking 
Chinese. 

As Maclay pointed out in 1861, Chinese won in business through pure business 
principles, and as the “leading spirits”, gave back. Today, China is helping other 
nations to build their infrastructures. 

It’s also showing the world how to tackles pandemics with science, not politics— 
an important lesson, because on this small planet we can attack borderless problems 
only with borderless cooperation. 
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Chapter 24 A) 
China’s Precision Pandemic Alleviation Biel 


For several months I’ve witnessed firsthand, in both China and the U.S., how the 
two countries have tackled the deadly Covid-19, and the difference was aston- 
ishing. While the U.S. effort has been led by politicians who downplayed the peril 
for and then blamed China for their inaction, China has battled the pandemic just 
as it has fought poverty and other problems—with experts who rapidly executed 
comprehensive, national strategies with scientific precision. 

Foreign media of course criticized China for its initial delay in announcing the 
virus, but even as you don’t shout “fire” in a crowded room, you don’t panic 1.4 
billion people or the rest of the world, before you’re certain there is a problem. But 
once the threat was verified, China rapidly isolated the virus’ genome and shared it 
with the world. 

Today, my wife and I can walk about our Chinese city without fear of the virus, 
but friends and family in the U.S. are huddled in their homes, and experts say there is 
no longer any hope of curtailing the threat until a cure is perfected 12 to 18 months 
from now. 

China is relatively safe today because the country did not hesitate to sacrifice its 
economy to save lives. On January 23, China shut down Wuhan, a city of 11 million 
people (compared with 8 million in New York) even though the nation had only 500 
cases and 17 deaths at that point. 

Other nations immediately attacked China’s forced quarantines as violating the 
inalienable right of liberty, but those nations have now imposed their own quarantines, 
though too late to be effective. 


Priority Is People, Not Economy 


Foreign media also reported how Chinese suffered under draconian quarantine 
measures, but what they failed to mention was the Chinese’ astonishing sense of soli- 
darity, commitment and confidence because, contrary to foreign reports, the Chinese 
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trusted leaders who have proven over 40 years of reform and opening up that their 
ultimate priority is not the economy but people. 

“We're careful, but not afraid,” a college student said to me. “We Chinese have 
faced adversity before, and we can overcome this too.” 

A single girl in her 30s said, “I get bored alone in quarantine, but it is for the best. 
At least I have lots of time to read and study, and I can use my phone to have food 
and necessities delivered to my doorstep.” 

This stoic acceptance contrasts sharply with what I saw in the U.S. as shoppers 
literally fought each other to buy the last roll of toilet paper or hand cleanser—but I 
well understand their fear. Chinese are trusting in experts and scientists like Major 
General Chen Wei, a veteran of SARS and Ebola, to fight the virus; Americans’ hope, 
however, is in the hands of mayors, governors and a president who fight each other 
harder than they fight the virus. 


Safest Place on the Planet? 


It is no wonder that Dr. Bruce Aylward, who led the WHO-China Joint Mission on 
Covid-19 in February, said after his return from China, “You know, if I had Covid- 
19, Pd want to be treated in China... Folks, this is a rapidly escalating epidemic in 
different places that we’ve got to tackle superfast to prevent a pandemic.”! 

Aylward concluded in February that the rest of the world is “simply not ready”. 
The world was still not ready on April 1st when the USA Today headline read, “This 
is what China did to beat corona virus. Experts say America couldn’t handle it.”” 


Early Warnings Ignored 


But Americans, especially New York City, should have prepared long ago. In 2006, 
New York City’s 266-page Pandemic Plan warned that the city was “uniquely vulner- 
able to infectious disease threats”, and could be short of 9454 ventilators during a 
pandemic. The city responded by purchasing a small supply of face masks and 500 
ventilators, and then sold the ventilators because of maintenance costs.’ 

In March, 2015, Bill Gates’ short TEDtalk warned that the world was unprepared 
for the next pandemic. He said we’d been lucky with Ebola because it did not spread 
through the air but: 


‘https://www.businessinsider.com/what-works-to-fight-covid-19-lessons-from-china-who- 
2020-2. 
*https://www.usatoday.com/story/news/world/2020/04/01/coronavirus-covid-19-china-radical- 
measures-lockdowns-mass-quarantines/2938374001/. 
3https://www.propublica.org/article/how-new-york-city-emergency-ventilator-stockpile-ended- 
up-on-the-auction-block. 
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Next time, we might not be so lucky. You can have a virus where people feel well enough 
while they’re infectious that they get on a plane or they go to a market.... In fact, let’s look 
at a model of a virus spread through the air, like the Spanish Flu back in 1918. So here’s 
what would happen: It would spread throughout the world very, very quickly. And you can 
see over 30 million people died from that epidemic. So this is a serious problem. We should 
be concerned. 


The world ignored Gates—and Covid-19 turned out to be the pandemic that did 
spread through the air. And U.S. officials warned each other privately but told the 
public there was nothing to worry about. 

On January 29, Trump adviser Navarro warned in a memo that the virus could 
infect 100 million Americans and kill 1—2 million people. In a February 23 memo, he 
warned the crisis could cost trillions and take millions of lives. Yet that very same day, 
he told the media there was “nothing to worry about for the American people” under 
Trump’s leadership. Also on that same day, he told Fox News, “The American 
economy is extremely strong and not particularly vulnerable to what happens in 
China.” 


Don’t Wear Masks! 


Leaders and experts not only downplayed the danger but even discouraged people, 
including healthcare workers, from taking such basic precautions as masks because, 
sadly, the country had no masks. 

On January 30, the CDC said it did not recommend the general public wear masks 
because “the virus is not spreading in the general community.” 

On February 29, the Surgeon General tweeted, “Seriously people: STOP BUYING 
MASKS! They are NOT effective.” 

On April 2, New York City Mayor Blasio finally suggested that New Yorkers 
cover their nose and mouth in public to protect other people. New York Governor 
Cuomo responded by saying that masks just gave people a “false sense of security”, 
but less than two weeks later, on April 15, Cuomo himself ordered New Yorkers to 
wear face coverings in public. He said, “[It’s] your right to go out for a walk in the 
park... You don’t have a right to infect me.” 

It took Cuomo three and a half months, 200,000 confirmed cases and over 11,000 
deaths to finally require face coverings, yet even then Cuomo admitted he could not 
enforce his order but was relying upon New Yorkers to enforce it themselves by 
asking people without masks, “‘Where’s your mask, buddy?’ in a nice, New York 
kind of way.” 


4https://www.cnn.com/2020/04/1 0/politics/peter-navarro-coronavirus/index.html. 
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Doctors Fired for Wearing Masks 


New Yorkers were also reminded to make their own masks so that real masks could 
be saved for healthcare workers—although doctors and nurses in both the U.S. and 
UK had been fired for wearing masks because they “frighten patients”. 

On April 6, the Guardian reported that doctors in Britain are pressured to treat 
Covid-19 patients without protective gear and told to “hold their breath to avoid 
getting infected.” 

On April 17, headlines read that ten nurses had lost their jobs for refusing to treat 
Covid-19 patients without masks at Los Angeles’s Providence Saint John’s Health 
Center. 

Dr. David L. Heymann, a WHO panel expert, was quoted by the New York Times 
on March 22 as saying, “The virus can be stopped, but only with harsh steps.... You 
need to identify and stop discrete outbreaks, and then do rigorous contact tracing.... 
But doing so takes intelligent, rapidly adaptive work by health officials, and near-total 
cooperation from the populace. Containment becomes realistic only when Americans 
realize that working together is the only way to protect themselves and their loved 


ones.”° 


A Politicized Pandemic 


But Americans have not worked together because their leaders have not worked 
together. Governors fight mayors, and all of them fight the president who has claimed 
his authority is absolute, prompting Governor Cuomo to remind him, “You are a 
President, not a King.” 

These leaders are even now, with the virus at its peak, weighing the cost in lives 
from resuming business because they’ve already lost the virus war and don’t want to 
lose the economy as well. 

Sadly, the greatest price for this political incompetence will be paid not by Amer- 
icans but by the impoverished peoples in India, Latin America, Africa and Asia who 
have no way to practice social distance, who can barely afford clothes, much less 
masks, and who can’t wash their hands because they have no clean water. And these 
poor will suffer through the next pandemic if the world does not learn from China’s 
experience with Covid-19. 


Shttps://www.theguardian.com/world/2020/apr/06/nhs-doctors-lacking-ppe-bullied-into-treating- 
covid-19-patients. 


Shttps://www.nytimes.com/2020/03/22/health/coronavirus-restrictions-us.html. 


China’s Secret: Pandemics Are War 205 


China’s Secret: Pandemics Are War 


A USA Today article, “China’s Nationwide Response vs. America’s Patchwork”, 
quoted Huiyao Wang, a Chinese government senior adviser, as saying that “China’s 
response to the outbreak was truly a nationwide response: systematic, comprehensive 
and coordinated.... Lockdowns, bans on gatherings, basic quarantines, testing, hand- 
washing, this is not enough. You need to isolate people on an enormous scale, in 
stadiums, big exhibition halls, wherever you can. It seems extreme. It works. ‘No 
one left behind’ was the slogan in Wuhan. No one.’ 

Bill Gates said in 2015 that epidemics are war, and China has fought this Covid-19 
War with experts like Major General Chen Wei, a 54-year-old virologist and China’s 
No. 1 expert in biological and chemical weapons defense. She said, “The epidemic 
is like a military situation. The epicenter equals to the battlefield.”* 

General Chen spoke from experience. In 2003, General Chen led the team to 
isolate the SARS, and in 2004, her team in Africa created the first Ebola vaccine 
that entered clinical trial.? Chen knows too well what is at stake, and told the China 
Science Daily, “Prevention and control of an epidemic can never wait until the disease 
has happened.” 

China was able to implement many of its Covid-19 strategies precisely because 
it had learned from SARS, Swine Flu and other epidemics. 


China’s Steps 


Business Insider’s'° succinct overview of China’s steps in tackling the virus could 


very well form the basis of a simple manual for the next pandemic. 


1. Free and easy testing. From the outset, China gave everyone from farmers to 
foreigners free virus tests, and to this day, our temperature is taken several 
times a day in stores, restaurants, buses or when we pass a street corner health 
station. Compare that to the experience of Ms. Danni Askini, an American 
who was billed USD 34,927.43 for testing and treatment. She said, “I was 
pretty sticker-shocked. I personally don’t know anybody who has that kind of 
money.”!! 

2. Postponement of non-urgent medical care and elective surgeries. Western media 
criticized China for this, yet Italy and Spain faced the same choices when 


Thttps://www.usatoday.com/story/news/world/2020/04/0 1 /coronavirus-covid-19-china-radical- 
measures-lockdowns-mass-quarantines/2938374001/. 


8https://arynews.tv/en/china-clinical-trials-coronavirus-vaccine/. 
*https://www.globaltimes.cn/content/1183887.shtml. 


‘Ohttps://www.businessinsider.com/chinas-coronavirus-quarantines-other-countries-arent-ready- 
2020-3#the-country-implemented-large-scale-contact-tracing-in-the-early-2000s-8. 


'https://time.com/58063 12/coronavirus-treatment-cost/. 
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overwhelmed, and on March 24, the American College of Surgeons warned 
that: 


We continue to recommend that surgeons curtail the performance of “elective” 
surgical procedures (boldface theirs). The ACS is receiving reports that most surgeons 
are in the process of or have already stopped performing elective operations. 


Trains quit stopping in Wuhan. This is not likely in America, where governors 
argue with mayors over who has the right to enforce quarantines, and everyone 
argues with the president, who by law can restrict foreign travel but cannot 
easily intervene in states. 

China walled off entire hospital wards. China also built two hospitals built 
almost overnight, thanks to lessons learned in 2003 with SARS. In only 10 days, 
a crew of 7000 built a 645,000 sq. foot, 2-storey, 1000 patient hospital with 
several isolation wards and 30 ICUs. Another 323,000 sq. foot, 1300 bed 
hospital was finished two days later. The blueprints were modeled after Beijing’s 
Xiaotangshan hospital, which was built in one week during the 2003 SARS 
epidemic. 

The hospitals’ construction so enthralled the nation that they were live-streamed 
and the millions who would have normally been on Chinese New Year vacation 
but were now home on “staycations” called themselves “supervisors”, gave 
cranes nicknames such as “Little Red”, and cheered “Go!” and “Dig Faster!” 
Their sense of humor and resilience in this trying time was truly heartwarming. 
China used technology to trace every case. The West has criticized China, Singa- 
pore, Israel and others for violating the right of privacy with this “Digital Author- 
itarianism”, but consider Typhoid Mary (1869-1938), who was tracked down 
and locked up twice, the second time for 23 years. She was denied her right to 
liberty because of her threat to public health. Covid-19, even treated, is 10 times 
deadlier than typhoid. 

Pandemics are possible precisely because of the technology that makes our world 
so interconnected, and we need to use technology to combat such threats, even as 
the U.S. White House and CDC helped create and distribute a Modular Wireless 
Patient Monitoring System to track Ebola patients in Africa. The WHO’s execu- 
tive director, Dr. Michael Ryan, said that tracing cases is effective, inexpensive, 
and a “very basic public health intervention”. 

Relatively easy for shut-ins to get food and supplies. While Americans are 
fighting over toilet paper, hand sanitizer and bottled water, Chinese in quarantine, 
virtually anywhere in China, can use their phones to have anything delivered to 
their door, including freshly prepared meals and hot tea or coffee. 

Quickly shifted jobs to help. China sent 40,000 medical workers, many of them 
volunteers, to help Wuhan. People across the entire country enthusiastically 
accepted transfers to work in completely different fields to do their part in what 
is very much a “war effort”. 

People worked together. Even the WHO’s Dr. Aylward was astounded by the 
Chinese sense of national solidarity. As the old Chinese saying goes, “When 
the nest crashes, no egg survives.” But for three decades I’ve witnessed this 
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same solidarity and trust in the leadership because Chinese are confident in a 
government that has completely transformed the nation in only four decades of 
reform and opening up. In those nations led by self-serving politicians, however, 
there is no solidarity, only “every man for himself’. 


As Dr. Aylward noted, “Hundreds of thousands of people in China did not get Covid- 
19 because of this aggressive response,” which he said continually evolved as the 
Chinese learned more about the enemy. Aylward also noted that China’s approach 
was simply the use of “old-fashioned public-health tools” applied “with a rigor and 
innovation of approach on a scale that we’ve never seen in history.” 

“In 30 years of doing this business,” Aylward said, “I’ve not seen this before, nor 
was I sure it would work.” 

It did work, but only because the government acted immediately, with courage 
and decisiveness, and the people had ample reason to trust their government. No 
wonder Chinese are optimistic—but does the rest of the world have hope? 


Pan-Global Pandemic Response 


In 1990, Kenichi Ohmae wrote in The Borderless World that trade was open and 
free for all nations, even though his own home of Japan had some of the most rigid 
cultural, political and economic barriers in the world. Trade is not borderless to this 
day, and probably never will be—but Covid-19 truly knows no borders. Rich and 
poor alike fall before it, though the elderly, the weak and the poor are hardest hit. 

In our inescapably interconnected world, with 60% of the global GDP from trade, 
a borderless virus requires a truly borderless response, because even one nation’s 
failure endangers all others. 

I was heartened, therefore, when several EU countries sent China medical equip- 
ment when it was most needed, and how China in turn helped the EU, the U.S. and 
many other countries. Those bright moments in otherwise dark months offered hope 
that we may yet learn to face a common enemy together. 

For our children’s sake, I hope that the nations will cease bickering and blaming 
and learn from one another so we can respond to the next pandemic scientifically, not 
politically, and as a global community, not as isolated nations. Our enemy, after all, 
should be the virus, not each other, and the only way to defeat a borderless pandemic 
is with a borderless response. 

And if the world can learn from China’s response to Covid-19, I hope it can also 
learn from China how to defeat that other ancient enemy, poverty, which throughout 
history has taken far more lives than any pandemic. 

Fortunately, China’s BRI is already helping other nations lift themselves from 
poverty in the same way as China did—by building sound infrastructure that fosters 
innovation and self-sufficiency. 
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Chapter 25 A) 
BRI: Global Precision Poverty get 
Alleviation 


The Seres [Chinese] are a race eminent for integrity and well known for the trade. ... 


Pomponius Mela, Roman geographer, AD 43 


When my youngest son and his wife volunteered for medical work in Africa, his 
biggest concern was not safety (riots, robbers, kidnappings, political uprisings, lions) 
or health (malaria, typhoid, dengue fever), or even living in an insufferably hot climate 
with no air conditioning. My sons grew up in China, and after living with a dad who 
dragged them 100,000 km exploring their adopted home, they’re tough. But Matt 
did have one worry—that he’d not be able to cook Chinese food, but his first week 
he wrote, “Even our remote village has a tiny Chinese grocery store!” 

I understand Matt’s concern. The French playwright and poet, Moliere (1622- 
1673), said, “One should eat to live, not live to eat,’ but I say, “Moliere never ate 
Chinese food!” 

Matt could handle Africa once he found that a Chinese family had set aside one 
room of their house to sell staples like spices, tofu and bamboo shoots to the Chinese 
building a nearby dam. And as Matt discovered, every corner of Africa had Chinese 
working to help the vast continent in the same way China had lifted itself from 
poverty—building infrastructure. 


Four Thousand Years of Foreign Trade 


By 2019, the Belt and Road Initiative’s 69 participants accounted for over 62% of 
the global population, 31% of global GDP and 33% of global trade volume. Western 
pundits have written about China’s “new openness” but, in reality, China was trading 
with Europe, Africa and Asia almost 4000 years ago—long before most modern 
nations existed. 

Researchers found 3800-year-old Caucasian mummies along the Silk Road in N. 
W. China, some of them wearing “Austrian” twill. A 3000-year-old mummy in Egypt 
was found to have remnants of silk fabric, which was only made in China. The Han 
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Dynasty (221 BC—AD 206) sent 10 or more embassies yearly to Central Asia to trade 
for their spirited stallions. Ethiopians sent an envoy to China in AD 100. In AD 43, 
the Roman geographer Pomponius Mela wrote that the Seres [Chinese] were “a race 
eminent for integrity and well known for the trade....” 

Over 1100 years ago, Canton had 120,000 foreigners from all over the known 
world, and the start of the Maritime Silk Road, Xi Jinping’s inspiration for the BRI, 
was Fujian’s Quanzhou Harbor, which Marco Polo said had 100 ships for every 
one ship in the West. Trade was so good that the Southern Song Emperor Gao 
Zong (1107-1187) said, “Maritime trade profits are very great—perhaps millions, if 
managed well... Isn’t this better than taxing the people?” 

I was not surprised when Harvard Business Review claimed in March, 2014, “Until 
the early nineteenth century, China’s economy was more open and market driven than 
the economies of Europe.” In 1842, China was an open, economic powerhouse with 
32% of the global GDP. But that was also the year that China lost the First Opium 
War, and by 1942, after 100 years of foreign occupation and military-backed opium 
trade, China’s share of GDP had plummeted from 32% to less than 5%. 


Africa: Wealthiest and Poorest Continent 


Africa, like China and India, was also destroyed. Africa is so large it could hold 
Europe, China and the USA and still have room left over. But even though Africa is 
by far the richest continent in resources, it is also by far the poorest continent econom- 
ically because, for centuries, Europeans had carved the continent into colonies and 
exported everything of worth—including the people themselves as slaves. 

With everything of value shipped out of Africa, there was no need for infrastruc- 
ture between the countries themselves, which resulted in Africa’s infamous “growth 
without development”. 

In 1980, vast Africa had only 0.4% of global manufacturing, and that dwindled 
to 0.3% by 2003. But by 2014 it had increased 500% to 1.5%—not much, but even 
that little progress was only because China had begun attacking poverty in Africa the 
same way it had at home. As Chinese had said for decades, “To prosper, first build 
roads,” and with Xi Jinping’s inauguration of the BRI in 2013, this philosophy was 
extended to other countries as well. 

Hillary Clinton, former U.S. secretary of state, warned Africa to deal only with 
“responsible nations” and not those nations [China] who only wanted to exploit 
their resources. Africans laughed at Clinton. As South African President Zuma said, 
“Africa’s past economic experience with Europe dictates a need to be cautious when 
entering into partnerships with other economies. We certainly are convinced that 
China’s intention is different to that of Europe, which to date continues to attempt to 
influence African countries for their sole benefit.” 
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China’s New Hope for Africa 


China’s intentions toward Africa were evident very early on. The famous consulting 
firm, McKinsey and Company, observed: 


Even in 1978, when China was just emerging from the devastating effects of its Cultural 
Revolution and was itself one of the world’s poorest countries, it provided foreign aid to 74 
countries — and to more in Africa than the United States did.! 


In the 1960s, China built the Tanzania-Zambia (TANZARA) Railway. Westerners 
were quick to point out that the railroad failed after Africans took over, but China 
learned from that experience that in addition to building infrastructure, it needed to 
train Africans to maintain and manage the new projects. Today, for example, China 
is funding and building a railway academy in Ethiopia. 

China is also training Africa’s future engineers, economists and leaders with 
scholarships to study in China. lve met many of these future leaders at my own 
Xiamen University, which is China’s No. | in accounting, and they are thankful that 
China is giving Africa hope for the first time in centuries. 

In Andrew Mwenda’s TEDGlobal 2007 talk, “Aid for Africa? No thanks,’ he 
noted that Africa received 600 million in aid between 1960 to 2003. “Where has all 
the aid gone?” he asked. Most of it went for health, food and education but little 
for actual development. Mwenda asked his audience, “Can any one of you tell me a 
neighbor, a friend, a relative that you know, who became rich by receiving charity? 
By holding the begging bowl and receiving alms?” 

China, however, has learned from its own experience that the only sustainable 
approach to poverty is not “donating blood”, which can create dependency, but “pro- 
ducing blood” to engender self-sufficiency and, as Xi Jinping has said for years, 
“heal the poverty of spirit.” 


Why Africa Respects China 


McKinsey and Company (June 2010) summed up why Africans respect China’s 
approach: 


Yet China’s recent development trajectory — lifting hundreds of millions of its people from 
poverty in the past 30 years — offers Africans lessons and hope. Other factors adding to 
China’s credibility are its pragmatic, business-like approach to development and focus on 
much-needed infrastructure projects. Also, Chinese workers are generally well-respected 
because they are prepared to work in Africa’s fields or factories, often at the locals’ salaries, 


'Steve Davis and Jonathan Woetzel, “Making the Most of Chinese Aid to Africa,’ McKinsey 
Consulting, June 2010. 
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in contrast to the wages, housing, and approaches of Western aid organizations or commercial 
enterprises. For this reason, China still explicitly rejects the label of donor.” 


China empowers nations to lift themselves from poverty by building highways, rail- 
ways, airports, bridges, dams, power plants, schools and hospitals. The World Bank 
has estimated that such BRI projects could reduce travel times by 12%, increase trade 
2.7-9.7% and increase incomes by up to 3.4%, lifting millions from extreme poverty. 
And these huge projects have paved the way for smaller and more diverse invest- 
ments by entrepreneurs the world over in everything from agriculture to banking, 
insurance, transport and logistics, housing and telecommunications. 
McKinsey Associate Partner Irene Yuan Sun says: 


Chinese manufacturing investment is the best hope that Africa has to industrialize in this 
generation. Chinese involvement in Africa is not just about state-driven efforts. A just as 
large, if not larger, component is these private enterprises, which are more job-intensive, 
which localize quicker and which have a much larger economic and social impact.? 


Alibaba founder Jack Ma visited several African countries in August 2018, and set up 
the “Ma Yun African Venture Fund” to help over 100 African start-ups. On November 
16, 2019, this fund hosted the finals for the African Entrepreneurs Competition in 
Accra, Ghana and awarded a USD 1 million prize to each of the top ten from more 
than 10,000 contestants. 

But in a developing country, it doesn’t take USD 1 million to bring change; 
sometimes USD 50 can do the trick. My son Matt found that mothers in one village 
walked six hours a day just for water, so he surfed the internet for solutions, paid 
a local blacksmith fifty dollars to forge an iron drill bit, and helped villagers dig a 
well. Now that the village has its own water, the government sent a teacher and built 
a school, and the entire village now has hope and a future. 


How the West Benefits from BRI 


Some nations still oppose BRI in spite of its benefits, but that does not stop them from 
capitalizing upon the efficient new infrastructure. In October, 2019, India shipped 
cargo from Navasiva, India to Tashkent Uzbekistan in the far west via rail from 
Xiamen on China’s east coast. In spite of the zigzagging east and west, shipping was 
nearly 20 days faster than alternative routes. 

The U.S. government criticizes BRI but PVH, the U.S. owner of brands like 
Calvin Klein, Van Heusen, Tommy Hilfiger, Speedo and Izod, is the top job provider 
at Hawassa Industrial Park, an eco-friendly park built in only nine months by China’s 
state-owned China Civil Engineering Corporation. 


2Steve Davis and Jonathan Woetzel, “Making the Most of Chinese Aid to Africa”, McKinsey 
Consulting, June 2010. 


3https://www.ozy.com/around-the-world/how-chinese-entrepreneurs-are-quietly-reshaping-africa/ 
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Royal HaskoningDHV (RHDHYV), a global Dutch engineering firm with offices in 
South Africa, partnered with the Chinese state-owned construction firm the Aviation 
Industry Corporation of China, Ltd. in building airports. 

Sonatrach, Algeria’s state-owned oil company and Africa’s largest company, 
signed a USD 445 million contract with China Harbor Engineering Company for port 
installations in eastern Algeria because it was the only option to increase production 
and expand international markets. 

As Pippa Morgan wrote in The Diplomat (March 2018): 


And, of course, PVH and other global investors could not run their businesses — and create 
thousands of coveted manufacturing jobs — without the railways, roads, and power stations 
that China is constructing all over Ethiopia... Investors desperately need roads, electricity, 
water, and the internet. With traditional Western partners either unwilling or unable to fund 
these at scale, and low tax revenues due to the country’s poverty, how else can the Ethiopian 
government build the basic infrastructure that we take for granted in the developed world? 
Without Chinese help, Western money for training and other ‘soft’ sectors is sinking money 
into a black hole, and Ethiopia risks being ‘too poor to develop’ — condemned to survive on 
subsistence agriculture and international handouts. 


China’s economic investments also promote positive social change. In 2019, Forbes 
Global 2000 ranked Zijin Mining as No. 1 in the world in gold production and No. 
1 in China in non-ferrous metals production. I’ve learned much about its far flung 
operations in places such as Tajikistan, Peru, Australia and Russia because some of its 
managers have been my MBA students. Zijin’s economic benefits to the Democratic 
Republic of the Congo helped stabilize the nation and bring about its first smooth and 
democratic power transition with the election of President Felix Tshisekedi in early 
2019. The World Bank hailed this as “an extraordinary opportunity” to improve the 
country’s civil rights. 


The “‘Chinese Laborer in Africa” Myth 


A common criticism of BRI is that China sends its own laborers instead of hiring 
locals, but a McKinsey survey of over 400 Chinese companies in over 40 African 
countries showed over 80% of workers were Africans. China’s 10,000 plus firms in 
Africa have not only created jobs for several million Africans but have also provided 
technical training and transfer of technology. Zijin Mining trained Africans for 1500 
skilled jobs, and Huawei founded the West Africa training school in Nigeria to hone 
African engineers’ skills. I visited Huawei’s Shenzhen headquarters and spoke with 
a manager who had worked in Africa, and was heartened by how the company treated 
African team members. And just as they’d done in remote Tibet, Huawei provided 
communications services to remote areas of Africa even when they had no way of 
ever making a profit. 

In Ethiopia, 82 Chinese companies with a total output of USD 730 million have 
created over 10,000 jobs in the Ethiopia Eastern Industrial Zone, which was built in 
2007 by a private Chinese company. China’s newly created free trade zones in places 
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like Djibouti are becoming global trade and logistics hubs linking Africa, Asia and 
Europe. 

China differs from the West not just in economic strategies but also in how 
the Chinese themselves work with the peoples of other countries. Ben Olander of 
smallpower.org said: 


You walk down the street of Kinshasa, you see Chinese people working side by side with 
Africans in a way that you just don’t see Europeans and Americans do. 


The West’s Skills Gap in Africa 


Olander also pointed out the U.S.’s growing “skills gap”: 


Half a century ago, American engineers of all flavors could be found in Africa and elsewhere 
designing similar infrastructure projects as what the Chinese are doing today. The United 
States no longer generates enough engineering talents for its domestic market, much less 
to deploy to developing countries. Instead, the United States exports legions of consultants 
and so-called ‘development experts’ who seemingly do little more than write reports, attend 
meetings and work from the air conditioned comfort of their secure office compounds. The 
Chinese, in contrast, have a seemingly endless supply of highly trained engineers who are 
now deployed across Africa to build communication, road and electrical networks. Our skill 
sets no longer line up with the needs of the people that we are working with. The real reason 
why the Chinese have been effective is that the Chinese are sending people that will get 
their hands dirty, not just consultants to sit in chauffeured driven SUVs, air conditioning 
blasting, go from one office to another office, never actually working with the people they 
are supposed to be reaching. 


Yet another criticism of BRI is the partner nations’ debt risk, but China is working 
to reduce that risk with diversified financing such as equity financing and bonds, and 
it now has currency swap agreements with over 20 BRI countries. Some African 
countries like Zambia, Angola, Gabon and Sudan already have a trade surplus with 
China, and China is considering canceling RMB10.5 billion in debt for 31 African 
countries facing unexpected challenges. 

China is also promoting BRI green initiatives to balance greening and growing as 
it has at home. Almost 20 financial institutions from 10 countries and regions signed 
the BRI Green Investment Principle created by The City of London and the China 
Society for Finance and Banking to promote green development along the Belt and 
Road. 


McKinsey: The Future Is Africa 


“The rate of return on foreign investment is higher in Africa than in any other devel- 
oping region,” McKinsey Quarterly noted in June, 2010. “Global executives and 
investors must pay heed.” Yet in spite of Africa’s vast opportunities, many Western 
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companies have no Africa strategy because they think Africa is a scary place to do 
business and unpredictable. 

The BRI does indeed entail great risks. Chinese in Africa face political and 
economic instability, corruption, violence, kidnapping of workers and executives, 
wars and challenging health conditions. Nevertheless, since the 1950s China has felt 
that Africa has suffered long enough, the risks are worth it—and it is the only moral 
thing to do. 

For five centuries, many of today’s great powers enriched themselves not through 
true trade but through colonialism, opium and slave trafficking. But in all of recorded 
history, China has never occupied a distant land or engaged in anything but peaceful 
and mutually beneficial trade and exchange. And for decades, New China’s leaders 
have said that no society is prosperous if any live in poverty. 

With BRI, China is now taking this value to a global level because, on such a small 
planet as ours, no nation can be prosperous while others remain impoverished—or 
at war. 
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Chapter 26 A) 
Art of War, Way of Peace get 


I felt ’'d come full circle when Sue and I returned to Taipei in 2016 to celebrate our 
35th wedding anniversary where we’d been married and where Sue had been born. 
The world is much wealthier today—but apparently not that much wiser. Even in 
this day of astonishing technology, 10% of the world, some 734 million people, still 
live in absolute poverty.! 

But no amount of wealth or sophistication of science will ever eradicate poverty 
if nations don’t unite to address with precision the causes of poverty—the greatest 
factor being the endless rhetoric and fear mongering that pits nations and regions 
against each other in a geopolitical game that perpetuates poverty rather than solve 
it. I fear we’re no closer now to ending this game than we were in 1976. 


CCK Air Base, Taiwan, 1976 


I was certain I’d face battle when the Air Force sent me to Taiwan in 1976 but, 
fortunately, the two sides were wielding not weapons but words. But Chinese have 
long believed, and as much as possible acted upon, “The pen is mightier than the 
sword.” 

Over time I came to respect the mainland’s restraint. After all, if it didn’t retake 
Taiwan’s militarily-occupied Jinmen Island, which at 3 miles from Xiamen is so 
close that with binoculars you can see its soldiers, then it wasn’t likely they’d attack 
Taiwan 100 miles away. Besides, both sides were Chinese who knew from Sun Zi’s 
Art of War that “the supreme art of war is to subdue the enemy without fighting.” 

Today, 40 years later, the two sides have resolved some differences and exchanges 
are improving, but they’ve not yet resolved all their differences in part because of 
interference by the nation that in 1900 proclaimed to the world, “The Pacific is our 
Ocean.” 


'“PovealNet”. https://iresearch.worldbank.org. Retrieved 10 March 2019. 
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When I was in the Air Force, we viewed China as the great threat but ourselves as 
“Peacemakers”, but the more I learned about our global “police actions”, the more I 
came to think there must be a better path to peace than constant war, including the 
CIA’s “Secret War” in Laos that ended in 1975, the year before I was sent to Taiwan. 
Only in 1997 did the U.S. admit that in eight years they’d dropped 2,756,941 tons of 
bombs—more than they’d used in all of WW II’—on a tiny nation with less people 
than we have in Xiamen (the U.S., by the way, had considered dropping a nuclear 
bomb on Xiamen in 1958). 

The more I learned, the more I wondered who was really the greatest threat to 
peace. 

I’m not demonizing one nation and deifying another. I know far too well that every 
nation, including China, has serious issues. But the West has portrayed China as the 
“Yellow Peril” for well over a century when in fact it was the victim. China is now too 
powerful to be a victim but many other nations still suffer extreme poverty because 
of corruption and wars—many of them so-called proxy wars largely instigated over 
trade. If we’re to end poverty, we must end war—and recognize that the threat to 
peace is not China. History suggests, in fact, that China’s deeply rooted Confucian 
and Taoist values help make it the least likely country to wage war. 


Confucian Peace 


In 1861, American missionary Robert Samuel MacClay (1824-1907) explained in 
his insightful “Life among the Chinese” exactly why Chinese since Confucius’ day 
prefer the pen over the sword: 


The soldier occupies the lowest position in the Chinese classification of society, and this 
arrangement, we think, is in accordance with the true sentiment of the nation on this point. 
The Chinese do not regard it as at all derogatory to their character to be told that they are 
deficient in the elements of warlike strength. “We are not a military people,” say they, “we 
are a literary nation. With us reason, and not force, defines rights and privileges; argument, 
and not the sword, decides controversies.” 


But China’s appeals to reason and morality failed with the West. 


Oliver Stone and Peter Kuznick, The Untold History of the United States (New York: Simon & 
Schuster, 2012), p. 389 citing Marilyn B. Young, The Vietnam Wars, 1945—1990 (New York: Harper 
Perennial, 1991), pp. 234-236; and Fred Branfman, Voices of the Plain of Jars: Life Under an Air 
War (New York: Harper & Row, 1972), pp. 3 and 18-20. 

3“Air Force Histories Released Through Archive Lawsuit Show Cautious Presidents Overruling Air 
Force Plans for Early Use of Nuclear Weapons”, Washington, DC: National Security Archive. 30 
April 2008. 
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Becoming Captain Elliott 


I knew nothing about the West’s century of opium trafficking at gunpoint until the 
mid-1990s, when I played Britain’s Captain Elliott in a TV series about Lin Zexu, 
who tried to end the opium trade. I was certain the script had to be pure fiction 
so I researched it. I used Western sources because I didn’t trust the Chinese to be 
objective. I was horrified to learn that the script in fact downplayed the depravity; 
real life was far worse. “The British were not truly ‘evil, ” a director told me. People 
can convince themselves anything is moral if the price is high enough.” 

After Emperor Dao Guang’s sons died of opium, he lambasted England as a 
“Christian nation devoid of four out of the five virtues”. England responded by 
promising the emperor great wealth if he would only allow opium. The horrified 
emperor replied: 


It is true that I cannot prevent the introduction of the poison; gain seeking corrupt men will, 
for profit and sensuality, defeat my wishes; but nothing will induce me to derive a revenue 
from the vice and misery of my people. 


The number of Chinese opium addicts grew 50-fold between 1820 and 1835. In 
typically Confucian fashion, Lin Zexu tried to reason with Queen Victoria, writing 
a poignant letter to her in 1839: 


I am told that in your own country opium smoking is forbidden under severe penalties. This 
means that you are aware of how harmful it is. So long as you do not take it yourselves, but 
continue to make it and tempt the people of China to buy it, such conduct is repugnant to 
human feeling and at variance with the Way of Heaven. 


The Way of Heaven is fairness to all; it does not suffer us to harm others in order to benefit 
ourselves. Men are alike in this all the world over: that they cherish life and hate what 
endangers life. Your country lies 20,000 leagues away; but for all that the Way of Heaven 
holds good for you as for us, and your instincts are not different from ours; for nowhere are 
there men so blind as not to distinguish what brings profit and what does harm.... 


Lin Zexu’s appeal to morality was fruitless. On April 6, 1843, the Times summed up 
Prime Minister Robert Peel’s position: 


Morality and religion, and the happiness of mankind, and friendly relations with China, and 
new markets for British manufactures were all very fine things in their way; but that the 
opium trade was worth to the Indian government £1,200,000.... 


Lin Zexu finally abandoned appeals to reason and morality and confiscated 20,283 
chests of the foreigners’ opium, which took six weeks to destroy. As foreigners gazed 
at the black smoke rising over Canton, Lin Zexu noted, “I should judge from their 
attitudes that they have the decency to feel heartily ashamed.” 

They were red-faced not from shame but fury, and Britain waged two opium 
wars. When China refused to legalize opium even after the second Opium War, 4000 
British and French troops spent three days destroying Beijing’s 800 acre Summer 
Palace (but only after looting the priceless objects inside, which UNESCO says are 
now in 47 museums around the world). China surrendered and legalized opium. 
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“International Complexities” of Drug Trafficking? 


To this day, Lin Zexu is criticized by Western scholars for his “rigid approach which 
failed to account for the domestic and international complexities of the problem.’* 
But Lin Zexu’s failure was that he assumed he could reason with amoral adversaries. 

When I played Captain Elliott in the Lin Zexu series, the other actors joked during 
breaks but I was, for one of the few times in my life, sobered and silent. Imagine if 
today’s Mexican drug cartels marched boldly across the border into the U.S. with 
literally tons of opium in semi-trucks, and the Mexican military at their back— 
and accused the U.S., if it objected to the drugs, of failing to take into account the 
“international complexities of the problem”. 

If Mexican drug lords can become billionaires in a decade, imagine how much 
Western nations made from a century of entire shiploads of opium at gunpoint. 
America’s first multimillionaire, John Jacob Astor, built his first fortune on China 
opium trafficking and died with a fortune that would have been worth USD 140 
billion in today’s dollars. 

By 1900, one fourth of Chinese adults used opium. In 1896, China’s Viceroy, 
Zhang Zhidong, wrote in China’s Only Hope: 

Cast out the poison! The foreign drug is debasing the homes and sweeping away the lives of 


our people. It is not foreign intercourse that is ruining China, but this dreadful poison. Oh, 
the grief and desolation it has wrought to our people! 


Where Is China? 


In 1919, Ellen N. La Motte, the American nurse, journalist and author whose writings 
were thought to have influenced Hemingway, wrote in Peking Dust: 
An American pointed at different colored places on a map of China and said his company 
would work here, or there, or somewhere else, but each time he was told, “No, that belongs 


to Britain. No, that is French. Can’t do — that is Russia’s. No, this is Germany’s.” He finally 
demanded of the Chinese and European officials, “Where the hell is China!” 


Western nations carved China into so many spheres of influence that in 1899, Lord 
Charles Beresford published The Break-Up of China, which was essentially a 
catalogue of China’s assets by region, and their benefits for her foreign occupiers. 

In my home of Xiamen, our “international police” badges showed the flags of a 
dozen nations but not China’s flag because Chinese had no rights. Foreigners were 
immune to China’s laws but Chinese had to obey foreign law in their own country. 
Yet in spite of this century of occupation and drug trade, Western media portrayed 
China as the Yellow Peril—the threat to peace and the established order of “free 
trade”. 


4Jonathan D. Spence, The Search for Modern China (New York: Norton, 1999). 


5Lord Charles Beresford, The Break Up of China, first American edition (New York: Harper and 
Brothers, 1899). 
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John MacGowan (1835-1922), an Irish missionary to Xiamen and author of a 
dozen books on Chinese history, culture and language, scoffed at the West’s portrayal 
of China as the Yellow Peril. In 1907, he explained why Chinese love peace—and 
in so doing he described the Chinese Dream 100 years before it became a buzzword 
in China’: 

Some writers have predicted that a day may come when, inspired by a spirit of war, they 

[the Chinese]will flash their swords in a wild conquest of the West. This is a dream that 

will never be realized. Both by instinct and by ages of training, the Chinese are essentially 

a peace-loving people. The glory of war is something that does not appeal to them. Trade, 

and commerce, and moneymaking, and peaceful lives are the ideals [the Chinese Dream! ] 

of the race. No sooner is a clan fight begun, or a war with another nation, than the air at once 


resounds with the cry, “Mediate,” “Mediate.” Mediation is in the very blood of the nation, 
and the man who is a successful mediator is one that wins a golden reputation for himself. 


MacGowan proved to be a prophet, however, with the next lines: 


What the West has to fear is not the warlike spirit of the Chinese, which has never been a 
very important factor in their past history, but their numbers.... The Chinese are a strong 
race, and can live in comfort, and even luxury, on incomes that would mean starvation to 
American or Australian workmen. The battle of the future with the Yellow race will not be 
fought on any battlefield, but in the labour markets of the nations that they would invade.’ 


MacGowan had witnessed Chinese business prowess in Xiamen. In 1900, Gulangyu 
Islet was said to be the richest square mile on earth, and even today the tiny islet has 
over 1000 mansions. Yet even though Westerners controlled the military, police and 
customs, the wealth belonged not to foreigners but to the Chinese. The foreigners 
excelled at hard power and opium sales but little else. The Chinese, however, took 
advantage of the situation to do business—as their ancestors had done for centuries. 


China: Ancient Military Power for Peace 


It was during this period [1573-1644] that the Dutch made their appearance by way of 
Formosa. They took possession of the Pescadores, and landed at Amoy, from whence they 
penetrated as far as Changchow and Haiting. The Dutch at the time were at war with both 
the Spanish and Portuguese; their trading-ships went heavily armed, and sailed as much for 
prizes as for trade. 


Denby, 19008 


The world is fortunate that China did not follow the West’s example because for 
well over 1000 years China had the most powerful army and navy on the planet. The 
great muslim traveler Ibn Battuta (1304-1369), described Chinese ships in Fujian’s 
Quanzhou harbor: 


Rev. John Macgowan, Sidelights on Chinese Life, (London: Kegan Paul, Trench, Trubner & Co., 
Limited, 1907). 

7Hastings Maclay, Life Among the Chinese (New York: Carlton and Porter, 1861). 

8The Hon. Charles Denby, LL.D., China’s Open Door (Boston: Lothrop Publishing). 
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The large ships have anything from three to twelve sails made of bamboo rods plaited like 
mats. A ship carries a thousand men, six hundred of whom are sailors and four hundred men- 
at-arms, including archers, men with shields and crossbowmen who throw naphtha [flaming 
petroleum]. 


Decades later, Admiral Zheng He (1371-1433), whose court name was Sanbao, 
probably inspired the Sinbad legend with his seven great voyages throughout Asia, 
East Africa and Arabia. On his first voyage, in 1405, he commanded 27,800 troops 
on 62 ships. The longest ship was 417 ft (Columbus’ longest ship, the Santa Maria, 
was 161 ft). Zheng He so astonished the nations he visited that many have Sanbao 
Temples to this day. Some of his ships carried only water, others only rice, still others 
had silk, tea and porcelain for trade—but all were armed with weapons the like of 
which the world had never seen. 


A Sample of Chinese Military Inventions 


4th century BC: chemical warfare: ox-hide bellows pumped burning balls of 
dried mustard and other toxic matter — 2300 years before World 
War I’s mustard gas. 

Ist century AD: paddlewheel battleships to navigate very shallow rivers. 

9th century AD: grenades and bombs of gunpowder mixed with toxic substances, 
like human excrement, wolfsbane, aconite, croton oil, arse- 
nious oxide, arsenic sulfide, ashes, tung oil, and soap-bean pods 
that produced black smoke to cover movement or disorient the 
enemy. 

10th century AD:  flamethrowers, flares, fireworks, bombs, grenades, land mines 
and sea mines, rockets and multi-stage rockets. 

11th century AD: watertight compartments on ships (not in the West until the 
mid-1800s). 

13th century AD: guns, cannons, mortars, and repeating guns. 


Fortunately, Chinese used their weaponry for defense, not conquest. Unfortunately, 
in 1540, Chinese weaponry and methods reached Europe—with devastating effect 
on the world for centuries. 


Art of War or Machiavelli? 


China’s greatest advantage, however, was not its innovative weapons but its strategies 
embodied in the classic The Art of War, which today is studied the world over not 
just by militaries but also by businessmen, sportsmen or anyone else needing to hone 
their strategy. 
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Despite its title, The Art of War warns that war and force are justifiable only 
when all other alternatives have been exhausted. This is rooted in both Confucian 
and Taoist morality, which calls to avoid death even for enemies. As Lao Zi wrote: 

Violence, even well intentioned, always rebounds upon oneself. Weapons are tools of fear; 

a decent man will avoid them except in the direst necessity, and if compelled, will use them 

only with the utmost restraint. Peace is his highest value. If the peace has been shattered, how 

can he become content? His enemies are not demons but humans like himself. He doesn’t 


wish them personal harm. Nor does he rejoice in victory. How could he rejoice in victory 
and delight in the slaughter of men? 


If war becomes unavoidable, however, The Art of War declares that the most important 
factor in deciding victory is “Which of the two sovereigns is imbued with the moral 
law” (Laying of Plans 4). Only then do other factors like leaders’ abilities and size 
of army come into play. It is easy to see, then, why Lin Zexu tried to stop the opium 
trade by appealing to morality and the Way of Heaven, but Lin Zexu failed because 
Westerners follow not Confucius or Lao Zi but Machiavelli (1469-1527). 

Machiavelli, the West’s “Father of Modern Political Science”, taught that morality 
is irrelevant and the end justifies the means. Murder, deceit and betrayal are acceptable 
as long as they achieve the goal. 

Where Confucius and Lao Zi urged leaders to rule by moral example, Machiavelli 
wrote in Chapter 17 of The Prince that it was better to be feared than loved. As to 
military leadership, Machiavelli averred that a prince must use “inhuman cruelty” to 
ensure his troops’ respect. This is in stark contrast to Sun Zi’s admonition, “Regard 
your soldiers as your children, and they will follow you into the deepest valleys; look 
upon them as your own beloved sons, and they will stand by you even unto death” 
(Terrain 4). 

Machiavelli’s works have been reprinted endlessly and his tombstone is engraved 
with, “To so great a name, there is no praise great enough.” Today, his tactics are even 
taught in Western business schools. On July 18, 2018, Monash University Business 
School published the article, “How a Machiavellian Approach Could Boost Your 
Career.” 


Hope for Change in East and West? 


John MacGowan wrote in 1907 that Chinese have always sought peaceful prosperity 
and peaceful coexistence, but as The Art of War warns, Chinese will fight if they’ve 
exhausted all other alternatives. Heaven helps us if it comes to that. Let us hope the 
world will finally heed the words of Fujian’s governor who, on July 4, 1891, toasted 
Americans in Xiamen: 

China, having followed its own principles of advancement during more than 5,000 years, is 


now compelled to change and move along European channels. It has begun to own steamships 
and railways. Its telegraph now covers every province. It has mills, forges and foundries like 


°https://www2.monash.edu/impact/articles/management/how-machiavelli-can-boost-your-career/. 
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those of Essen, of Sheffield and of Pittsburgh. China is today learning that lesson in education 
which Europe has obliged her to learn, — the art of killing, the science of armies and navies. 
Woe, then, to the world if the scholar, profiting by her lesson, should apply it in turn. With its 
freedom from debt, its inexhaustible resources and its teeming millions, this empire might 
be the menace, if not the destroyer, of Christendom. No matter what happens, it needs no 
prophetic gift to know that the 20th century will see at the forefront of the nations of the 
world, — China in the East and America in the West. Well may we pray that, for the welfare 
of humanity, their purposes will be as peaceful and upright as today. 


Chinese Recorder, Vol. 23, January 1892 


The Fujian governor did not need to be a prophet in 1892 to know what lay ahead, 
and we too need no prophetic gift to see our own future. As Ecclesiastes 1:9 said, 
“What has been will be again, what has been done will be done again; there is nothing 
new under the sun.” 

We will see something new under the sun—peace, and the end of poverty—if 
change begins in you and I. 


We but mirror the world. All the tendencies present in the outer world are to be found in 
the world of our body. If we could change ourselves, the tendencies in the world would 
also change. As a man changes his own nature, so does the attitude of the world change 
towards him. This is the divine mystery supreme. A wonderful thing it is and the source of 
our happiness. We need not wait to see what others do. 


Mahatma Gandhi! 
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Fig. 9 Cattle population in Nigeria. (Source: Federal Department of Animal Production and 
Husbandry Services, FMARD, Abuja (Reported by NAERLS 2019)) 


The total populations of donkeys in Nigeria were 978,402 and 979,380 for 2018 
and 2019, respectively (NAERLS 2019). The beast of burden (donkey), a very 
resilient animal is found mostly in about 11 states of the country (all within Sahel, 
Sudan, and Northern Guinea Savannah Zone of Nigeria) with the highest population 
found in Zamfara State (331,641) in 2019. Other states with prominent populations 
of donkeys in 2019 were Sokoto (153,657), Borno (143,707), Kano (135,962), 
Kebbi (82,870), Jigawa (25,135), and Gombe (14,241). Some other states like 
Bauchi and Yobe had populations of donkeys that are less than 1,500. 

Camel is another livestock used as beast of burden in Nigeria. The total populations 
of camels in the country were 279,956 and 280,235 for 2018 and 2019, respectively. 
Almost half of all the camel population in Nigeria was found in Kano State with 
128,104 heads of camel. Other states with some populations of camel in 2019 were 
Sokoto (60,346), Kebbi (50,483), Jigawa (12,851), Katsina (9,581), Bauchi (9,475), 
Niger (3,270), and Yobe (501). It was of note that the rate of increase in population of 
camel and donkey is very negligible. These animals (camel and donkey) are reported to 
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Fig. 10 Goat population in Nigeria. (Source: Federal Department of Animal Production and 
Husbandry Services, FMARD, Abuja (Reported by NAERLS 2019)) 


be dwindling in number as there is increased consumption and less production, 
therefore ways of increasing the population of this animal should be scientifically 
exploited to avoid the extinction of the species (Nelson et al. 2015). 

The possible factors responsible for large population of livestock in the Savannah 
and Sudano — Sahelian zones of Nigeria were presented in Table 3. On the top of the 
list of such factors is the abundance of grasses, legumes, and other fodder crops as 
indicated by 59.8% of the respondents. Large expanse of grassland was also said to 
be a prominent factor enabling large population of livestock on the semiarid zone of 
Sahel, Sudan, and the Guinea Savannahs. Other factors being reported in favor of the 
large population of livestock in the zones being considered in this chapter were low 
infestation of pathogens during wet and dry seasons with 33.7% and 32.2%, 
respectively. About 22% of the respondents stated that the flat plane topography in 
the zones might have contributed to the enormous populations of livestock being 
found in the zones. Lawal-Adebowale (2012) stated that the concentration of 
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Fig. 11 Sheep population in Nigeria. (Source: Federal Department of Animal Production and 
Husbandry Services, FMARD, Abuja (Reported by NAERLS 2019)) 


Nigeria's livestock-base in the northern region is most likely to have been influenced 
by the ecological condition of the region which is characterized by low rainfall 
duration, lighter sandy soils, and longer dry season. This submission was predicated 
by the fact that drier tropics or semi-arid regions are more favorable to the ruminants. 
However, concerted efforts need to be made at retaining the large population of 
livestock in these regions (Savannah and Sudano-Sahelian) because livestock pro- 
duction will be possibly limited in the future by climate variability as animal's water 
consumption is expected to increase. There will be more demand for agricultural 
lands because of increase due to need for 7096 growth in production, and food 
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security concern since about one-third of the global cereal harvest will be needed for 
livestock feed (Rojas-Downing et al. 2017). 

Table 4 showed the stakeholders perception of the effect of changes on climatic 
elements of livestock production in the Savannah and Sudano-Sahelian zone of 
Nigeria. About 77% of all the respondents agreed to the fact that changes in climatic 


Table 4 Stakeholders’ perception of effect of changes in climatic elements on livestock production 
in the Savannah and Sudano-Sahelian zones of Nigeria 


Northern Southern 
Guinea Guinea Derived 

Sahel Sudan Savannah Savannah Savannah Total 

N=22 |N=57 |N=61 N= 80 N= 106 N = 326 
Changes in climatic elements affect livestock production in the zones 
Strongly 10 11 19 (31.1) 24 (30.0) 38 (35.8) 102 
agree (45.5) (19.3) (31.3) 
Agree 7 31 23 (37.7) 45 (56.2) 42 (39.6) 148 

(31.8) (54.4) (45.4) 
Neutral 0 (0.0) |4(7.0) 8 (13.1) 4 (0.5) 9 (8.5) 25 (7.7) 
Disagree 1 (4.5) |4(7.0) |2 (3.3) 2 (2.5) 4 (3.8) 13 (4.0) 
Strongly 4 (1.2) |7(2.1) |9 (2.8) 5 (6.2) 13 (12.3) 38 
disagree (11.7) 
Perception about climatic elements that have the most variation in the zones 
Atmospheric |9 31 33 (54.1) 41 (51.2) 49 (46.2) 163 
temperature (40.9) (54.4) (50.0) 
Rainfall 10 21 19 28 42 120 

(36.8) 

Sunshine 2 (9.1) |3 (5.3) 3 (4.9) 7 (8.8) 4 (3.8) 19 (5.8) 
hour 
Relative 0 (0.0) /2(3.5) |4(6.6) 2 (2.5) 8 (7.5) 16 (4.9) 
humidity 
Atmospheric 1 (4.5) |0 (0.0) 1 (1.6) 2 (2.5) 3 (2.8) 7 (2.1) 
pressure 
Solar o (0.0) |0 (0.0) 1 (0.3) 0 (0.0) 0 (0.0) 1 (0.3) 
radiation 
Perception about the climatic elements that are capable of affecting livestock productivity 
when their variations are in the extreme 
Atmospheric 17 39 48 (78.7) 54 (67.5) 69 (65.1) 227 
temperature (77.3) (68.4) (69.6) 
Relative 2 (9.1) 12 14 (23.0) 17 (21.3) 35 (33.0) 80 
humidity (21.1) (24.5) 
Solar 3 13 9 (14.8) 15 (18.8) 18 (20.0) 58 
radiation (13.6) (22.8) (17.8) 
Sunshine 4 7 12 (19.7) 19 (23.8) 21 (19.8) 63 (19.3 
hours (18.2) (12.3) 
Greenhouse 2 (9.1) |4(7.0) | 9 (14.8) 4 (5.0) 7 (6.6) 26 
gases (10.0) 


N is the number of respondents; values in parenthesis are the percentages of their respective 
frequencies 
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elements affect livestock productivity. Kebede (2016) related the foremost reaction of 
animals under thermal weather as increase in respiration rate, rectal temperature, and 
heart rate. He further stated that the anticipated rise in temperature due to climate 
change is likely to aggravate the heat stress in livestock, adversely affecting their 
productive and reproductive performance and even death in extreme cases. The 
respondents observed that the climatic elements with most variations are atmospheric 
temperature (50.0%), rainfall (36.8%), and sunshine hour (5.8%). The climatic element 
with the least variation as being reported by the respondents is solar radiation (0.3%). 
Atmospheric temperature was also implicated by 69.9% of the respondents as a climatic 
element with the most debilitating effect on livestock when its variation is in the 
extreme. This was followed by relative humidity with 24.5% of the respondents stating 
that its effect can really affect livestock productivity. 


Adaptive Measures Against the Effect of Climate Change on 
Livestock Production 


Useable adaptive measures toward reducing the effects of climate change on live- 
stock production are presented in Table 5. About 55% of the respondents agreed that 
the use of adaptive measures in alleviating the effect of climate change on livestock 
is capable of reducing its debilitating effect on livestock. The rest of the respondents, 
about 45%, were either neutral or disagreed with the fact that adaptive measures can 
mitigate the effect of climate change. It will be necessary to educate those that 
disagree on this very important fact. To guide the evolution of livestock production 
systems under the increase of temperature and extreme events, better information is 
needed regarding biophysical and social vulnerability, and this must be integrated 
with agriculture and livestock components (Nardone et al. 2010). The specific 
adaptive measures used by livestock farmers in the study locations are shown in 
Table 5 as well. At the top of the adaptive features of choice by respondents is 
provision of housing facilities for animals which was indicated by about 60% of the 
respondents. Provision of abundant water and supplements feeding were also indi- 
cated as adaptive measures by 45.4% and 44.2% of the respondents, respectively. 
Planting of tress to provide shades for livestock was of great interest because of the 
sustainable effect of this adaptive measure to livestock production. Trees are known 
to absorb carbon dioxide produced by man and animals that is apart from their 
primary function of shades as intended by livestock farmers. Development of super- 
absorbent fake leaves was proposed by scientists (Vince 2012) as a means of 
modulating the global temperature. This method was proposed as capable of removal 
of greenhouse gas from the atmosphere. The benefits of the introduction of artificial 
plants will be centered on geoengineering the planet which will be beyond its 
cooling effects. 

Timely control of internal and external parasites was a choice of adaptive measure 
by a third of the respondents (31.3%). This is expected to eliminate the stress on health 
status of the animals which will go a long way in stabilizing the internal physiological 
equilibrium of the animals. If properly done, the animals will have enough energy to 
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Table 5 Useable adaptive measures toward reducing the effect of climate change on livestock 
production in Savannah and Sudano-Sahelian zones of Nigeria 


Northern Southern 
Guinea Guinea Derived 

Sahel Sudan Savannah Savannah Savannah Total 
Feature N=22 |N=57 |N=6l N= 80 N= 106 N = 326 
Stakeholders perceptions about reducing the effect of climate change on livestock 
production through the use of adaptive measures 
Strongly agree 2 (9.1) 5 (8.8) 0 (0.0) 0 (0.0) 0 (0.0) 7 (2.1) 
Agree 10 31 28 (45.9) 45 (56.3) 58 (54.7) 172 

(45.5) (54.4) (52.8) 
Neutral 4(18.2) |6(10.5 |3 (4.9) 6 (7.5) 5 (4.7) 24 (7.4) 
Disagree 0 (0.0) 4 (7.0) 1 (1.6) 0 (0.0) 5 (4.7) 10 (3.1) 
Strongly disagree | 6 (27.3) | 11 29 (47.5) 29 (36.3) 38 (35.8) 113 

(19.3) (34.7) 

Adaptive measures used by livestock production stakeholders 
Provision of 17 41 35 (57.4) 51 (63.8) 50 (47.2) 194 
housing for (77.3) (71.9) (59.5) 
animals 
Frequent cleaning | 6 (27.3) | 17 24 (39.3) 24 (30.0) 31 (29.2) 102 
of animal houses (29.8) (31.3 
Provision of 9 (40.9) | 31 24 (39.3) 41 (51.3 39 (36.8) 144 
supplement (54.4) (44.2) 
feeding 
Provision of 12 31 27 (44.3) 38 (47.5) 39 (36.8) 148 
water in (54.5) (54.4) (45.4) 
abundance 
Timely control of | 7 (31.8) | 17 19 (31.1) 28 (35.0) 32 (30.2) 103 
internal and (29.8) (31.6) 
external parasites 
Storage of excess |9 (40.9) | 18 24 (39.3) 31 (38.8) 24 (38.8) 106 
feed materials (31.6) (32.5) 
Cultivation of 4(18.2) | 18 19 (31.1) 27 (33.8) 23 (21.7) 91 
drought tolerant (31.6) (27.9) 
varieties of forage 
crops 
Feeding of 8(364) |16 20 (32.8) 23 (28.8) 25 (23.6) 92 
livestock with (28.1) (28.2) 
crop residues 
Making of multi- | 3 (13.6) |8(14.0) | 10 (16.4) 14 (17.5) 13 (12.3) 48 
nutrient blocks (14.7) 
Feeding of 7 (31.8) | 10 7 (11.5) 12 (15.0) 11 (10.4) 47 
livestock with (17.5) (14.4) 
multi-nutrient 
blocks 
Seasonal 3 (13.6) |2(3.5) 12 (19.7) 6 (7.5) 17 (16.0) 40 
migration of (12.3) 
animals 


(continued) 
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Table 5 (continued) 


Northern Southern 


Guinea Guinea Derived 

Sahel Sudan Savannah Savannah Savannah Total 
Feature N=22 |N=57 |N=61 N= 80 N= 106 N = 326 
Irrigation of 5 (22.7) |7 (12.3) | 13 (21.3) 21 (26.3) 8 (7.5) 54 
pasture during (16.6) 
dry season 
Establishment of | 4 (18.2) | 12 11 (18.0) 21 (26.3) 20 (18.9) 68 
ranch (21.1) (20.9) 
Planting of trees 11 (50) 26 29 (47.5) 37 (46.3) 30 (28.3) 133 
to provide shades (45.6) (40.8) 
for livestock 
Storage of crop 7 (31.8) | 14 20 (32.8) 23 (28.8) 22 (20.8) 86 
residues (24.6) (26.4) 


obtainable during 
crop harvest 


N is the number of respondents; values in parenthesis are the percentages of their respective 
frequencies 


combat stress from the environment. Storage of excess feed, especially during harvest, 
was stated as an adaptive measure by 32.5% of the respondents. This adaptive measure 
can be linked with another one that was also stated by the stakeholders, storage of crop 
residues obtainable during harvest (26.4%). These two measures are some of the 
important components of crop-livestock integration systems as discussed by Iyiola- 
Tunji et al. (2015). Feeding livestock with crop residues in a well-planned basis on the 
nutrient requirements and biomass needs of these animals will ensure adequate usage of 
the crop residues. Establishment of ranch, irrigation of pasture during dry season, 
making of multi-nutrient blocks, feeding of livestock with multi-nutrient blocks and 
seasonal migration of animals were of the other adaptive measures being carried out to 
combat the effect of climate change as reported by substantial proportion of the 
respondents. Integrating livestock and crop production will serve as a form of conser- 
vation, which will enable shifting from the traditional systems which is focused 
exclusively on livestock or crop to a new approach which sustainably combines both. 
Agroforestry (establishing trees alongside crops and pastures in a mix) as a land 
management approach can help maintain the balance between agricultural production, 
environmental protection, and carbon sequestration to offset emissions from the sector. 
Agroforestry may increase productivity and improve quality of air, soil, and water, 
biodiversity, pests and diseases, and improves nutrient cycling (Jose 2009; Smith et al. 
2012). 


Contribution of Livestock Production Activities Toward Climate 
Change 


Table 6 showed the contribution of livestock production activities toward climate 
change. A lot of the stakeholders interviewed (62.3%) were aware of the 
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Table 6 Contribution of livestock production activities toward climate change 


Northern 
Guinea 
Sahel Sudan Savannah 
N=22 |N=57 |N=6l 


Southern 
Guinea 
Savannah 
N= 80 


Derived 
Savannah 
N= 106 


Total 
N = 326 


Stakeholder awareness of contribution of livestock production activities to changes in 
climate and global warming 


Yes 16 32 43 (70.5) 44 (55.0) 68 (64.2) 203 
(72.7) (56.1) (62.3) 
No 2 (9.1) 11 1 (1.6) 11 (13.8) 8 (7.5) 33 
(19.3) (10.1) 
Maybe 1 (4.5) |2 (3.5) |9 (14.8) 6 (7.5) 7 (6.6) 25 (7.7) 
Livestock generates substantial proportions of global greenhouse gas emission that are very 
bad for the environment 
Yes 14 28 35 (57.4) 35 (43.8) 62 (58.5) 174 
(63.6) (49.1) (53.4) 
No 5 16 11 (18.0) 33 (41.3) 24 (22.6) 89 
(22.7) (28.1) (27.3) 
Maybe 3 11 15 (24.6) 12 (15.0) 19 (17.9) 60 
(13.6) (19.3) (18.4) 
Livestock and their by-products account for several millions tons of carbon dioxide 
production per year 
Yes 12 22 25 (40.9) 28 (35.0) 57 (53.8) 114 
(54.5) (38.6) (35.0) 
No 7 21 13 (21.3) 27 (33.8) 25 (23.6) 93 
(31.8) (36.8) (28.5) 
Maybe 3 14 23 (37.7) 25 (31.3 23 (21.7) 88 
(13.6) (24.6) (27.0) 
Extensive system of livestock production plays a critical role in land degradation, climate 
change, water, and biodiversity loss 
Yes 14 29 44 (72.1) 67 (83.8) 86 (81.1) 240 
(63.6) (5.1) (73.6) 
No 2 (9.1) 11 5 (8.2) 6 (7.5) 6 (5.7) 30 (9.2) 
(19.3) 
Maybe 5 14 9 (14.8) 7 (8.8) 14 (13.2) 49 
(22.7) (24.6) (15.0) 
Economic, social, health, and environmental perspectives will be critical to solving the 
problems surrounding livestock production 
Strongly |6 18 26 (42.6) 32 (40.0) 48 (45.3) 130 
agree (27.3) (31.6) (39.9) 
Agree 12 27 29 (47.5) 41 (51.3) 47 (44.3) 156 
(54.5)  |(474) (47.9) 
Neutral 3 5 (8.8) |O (0.0) 5 (6.3) 7 (6.6) 20 (6.1) 
(13.6) 
Disagree |0(0.0) |5(8.8) | 5 (8.2) 2 (2.5) 4 (3.8) 16 (4.9) 
Strongly |1(4.5) |2(3.5) | 0(0.0) 0 (0.0) 0 (0.0) 3 (0.9) 
disagree 


N is the number of respondents; values in parenthesis are the percentages of their respective 


frequencies 
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contribution of livestock production to climate change. Generations of substantial 
proportions of global greenhouse gases that are very bad for the environment were 
on the knowledge of more than half of the respondents (53.4%). Just about the third 
(35%) of the respondents were aware that livestock and their by-products account for 
several million tons of carbon dioxide production per year. Very large proportions 
(73.6%) of respondents were aware that extensive system of livestock production 
plays a critical role in land degradation, climate change, water, and biodiversity loss. 
About 90% of the respondents however believed that economic, social, health, and 
environment perspectives are critical to solving the problems of the contributions of 
livestock production to climate change and global warning. In 2006, an FAO 
publication entitled “Livestock’s long shadow — Environmental issues and options” 
indicated that the influence of livestock on the environment was much greater than it 
was considered. This provided detailed perspectives on the impact of livestock on 
water, biodiversity, and climate change. The issue on climate change and 18% 
estimated contribution of livestock to overall GHG emissions is the concern that 
attracted the most attention. The FAO (2006) estimated 18% anthropogenic GHG 
emissions from livestock industry is disapproved by Goodland and Anhang (2009) 
who noted that the figure under-tallies emissions from certain production activities, 
underestimates demand, and absolutely omits some categories of emissions. They 
estimated that livestock production is contributing about 51% of anthropogenic 
GHG emissions. Goodland and Anhang (2009) revealed that CO, from livestock 
respiration was ignored as a source of the GHGs from the FAO study (2006). Both 
manure and enteric fermentation contribute some 80% of methane emissions from 
agricultural activities and about 30-40% of the overall anthropogenic methane 
emissions (FAO 2006). The 62-89% of greenhouse emission recorded in this chapter 
was similar to the findings of FAO (2006). Similarly, there is an increasing aware- 
ness within the policy and research communities that fast growth in consumption and 
production of livestock commodities is contributing to variety of environmental 
problems. The main notable issue is livestock’s significant contribution to anthro- 
pogenic emissions. Majority of the revenue is generated by pigs, chickens, sheep, 
goats, beef, and dairy cattle. These five species of livestock generate 92% of the 
overall revenue from livestock in Africa. In most rural communities, livestock is the 
only property of the poor, but it is highly susceptible to climate changes and 
extremes (Easterling and Aggarwal 2007; FAO 2007; Calvasa et al. 2009). The 
influence of climate change is anticipated to increase the susceptibility of livestock 
industry and reinforce current factors that are having impact on livestock farming 
systems (Gill and Smith 2008). The overall GHG emissions from livestock supply 
chains are approximately 7.1 gigatons CO -equivalent annually for the 2005 refer- 
ence point forming about 14.5 % of all emissions induced by humans (IPCC 2007a). 
About 44 % of the livestock industry emissions are in the form of CH4. Nitrous oxide 
and carbon dioxide represent 29% and 27%, respectively. Livestock supply chains 
emit 9.2 gigatons CO -eq of CO, annually or 5% of anthropogenic CO, emissions 
(IPCC 2007b). According to IPCC (2007b), 44% of anthropogenic CH, emissions or 
3.1 gigatons CO;-eq of CH, every year and 53% of anthropogenic N20 emissions or 
2 gigatons CO -eq of N5O are produced annually. Similar results were observed in 
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this chapter, which reported that livestock products account for 88—93% (Table 6) of 
the carbon dioxide production per year. 


Adaptive Measures Toward Mitigation of Effect of Climate Change 
on Livestock 


An adaptation such as the modification of production and management systems 
involves diversification of livestock animals and crops, integration of livestock 
systems with forestry and crop production, and changing the timing and locations 
of farm operations (IFAD 2010). Diversification of livestock and crop varieties 
can increase drought and heat wave tolerance, and may increase livestock pro- 
duction when animals are exposed to temperature and precipitation stresses. In 
addition, this diversity of crops and livestock animals is effective in fighting 
against climate change-related diseases and pest outbreaks (Kurukulasuriya and 
Rosenthal 2003; Batima et al. 2005; IFAD 2010). Changes in breeding strategies 
can help animals increase their tolerance to heat stress and diseases and improve 
their reproduction and growth development (Rowlinson et al. 2008; Henry et al. 
2012). Adjusting animal diets can also be used as a mitigation measure, by 
changing the volume and composition of manure. GHG emissions can be reduced 
by balancing dietary proteins and feed supplements. If protein intake is reduced, 
the nitrogen excreted by animals can also be reduced. Supplements such as 
tannins are also known to have the potential to reduce emissions. Tannins are 
able to displace the nitrogen excretion from urine to feces to produce an overall 
reduction in emissions (Hess et al. 2006; Dickie et al. 2014). Some of the 
adaptable technologies for reducing the effect of livestock production activities 
on climate change and vice versa are also presented in Table 7 and discussions on 
each of them are presented below. 


Proper Livestock Health Management and Welfare 

On the top ofthe list of technologies as dictated by the respondents (63.296) is proper 
livestock health management and welfare. Reducing greenhouse gas (GHG) emis- 
sions may seem like extra work that can hurt business, but in reality, best manage- 
ment practices for reducing GHG emissions can be economical (Lindgren 2019). 
Animals that are maintained in optimum health conditions and given adequate 
welfare will have improved production efficiency and reduction of methane produc- 
tion from digestion of feeds. 


Adequate Waste Management and Utilization 

Almost equally important technology is adequate waste management and utiliza- 
tion as proposed by 59.2% of the respondents. The major contribution to green- 
house gas emissions is methane (CH4) from ruminant animals through belching 
when the animals digest their feeds (Plate I). The other sources of the deleterious 
gases are from fecal waste excretion and storage. Adequate waste management 
and utilization is capable of reducing the quantity of the greenhouse gases 
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Table 7 Adaptable technologies for reducing the effect of livestock production activities on 


climate change 


Northern Southern 
Guinea Guinea Derived 

Adaptable Sahel Sudan Savannah Savannah Savannah | Total 
technologies N=57 |N=6l1 N= 80 N= 106 N = 326 
Proper livestock | 13 40 34 (55.7) 55 (68.8) 64 (60.4) 206 
health (59.1) (70.2) (63.2) 
management 
and welfare 
Adequate waste 13 32 40 (65.6) 43 (53.8) 65 (61.3) 193 
management (59.1) (56.1) (59.2) 
and utilization 
Crop-livestock 9(40.9) |28 32 (52.5) 36 (45.0) 59 (55.7) 164 
integration (49.1) (50.3) 
system 
Breeding for 12 31 28 (45.9) 43 (53.8) 49 (46.2) 163 
more productive | (54.5) (54.4) (5.0) 
animals 
Use of methane |9 (40.9) | 21 21 (34.4) 13 (16.3) 22 (20.8) 86 
reducing feed (36.8) (26.4) 
additives 
Ranching 8 (36.4) | 15 18 (29.5) 17 (21.3) 26 (24.5) 84 

(26.3) (25.8) 


N is the number of respondents; values in parenthesis are the percentages of their respective 
frequencies 


CH4 


Plate I Greenhouse gas emissions from cattle production. (Source: Lindgren (2019)) 


emissions. Livestock farmers in the Sahel, Sudan, and the Guinea Savannah zones 
of Nigeria use the fecal waste as organic fertilizers for crop production. There 
were occasions where the litter materials from poultry production are fed to cattle 
(Lamidi 2005). 


Crop-Livestock Integration Systems 

A lot of the effect of livestock production on climate change can be eliminated if the 
farmers can engage in crop-livestock integration systems. About half of the respondents 
(50.3%) agreed to this fact. Ickowicz et al. (2012) presented three variants of CLIS in 
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Fig. 12 Production efficiencies using management that can reduce GHG emissions beginning with 
selective breeding of a genotype for a particular system. (Adapted from Bell et al. (2012); modified 
by Iyiola-Tunji, A.O.) © 2012 Bell MJ,. Eckard RJ, Pryce JE. Published in [short citation] under CC 
BY 3.0 license. Available from: http://dx.doi.org/10.5772/50395 


arid and semiarid areas: (i) livestock only grazing systems, (1i) rainfed mixed crop- 
livestock systems, and (iii) irrigated mixed crop-livestock systems. CLIS combine 
cereal crops (mainly millet, cowpea, sorghum, cotton and groundnut) and majorly 
ruminant animal production activities in different proportions. Crop-livestock integra- 
tion systems (CLIS) enable recycling of products and wastes between crop production 
and livestock production. These methods are capable of increasing feed resources 
availability during the dry season and also replenish the soil for crop production 
through the use of fecal wastes from livestock. The major engagement of agro- 
pastoralists in Nigeria involves CLIS in a way though biomass inputs and outputs 
recycling are not scientifically calculated by the farmers (Iyiola-Tunji et al. 2017). 


Breeding for More Productive Animals 

Breeding for more productive animals was suggested by 50% of the respondents as 
an adaptive measure for reduction of greenhouse gas emissions. Selective breeding 
that is aimed at improving production efficiencies had been reported to result into 
increase productivity and gross efficiency by optimize the cost of production and 
reduce the number of animals that are needed to produce the same quantity of 
products (Bell et al. 2012). Reports from van de Haar and St. Pierr (2006) and 
Chagunda et al. (2009) related that more energy-efficient animals produce less waste 
in the form of methane and nitrogen excretion per unit product. The path toward 
reduced emission of greenhouse gases through selective breeding is depicted in 
Fig. 12. Animals that are selectively bred to utilize low inputs and give high outputs 
are expected to produce milk and meat (as the case may be) efficiently. The quantity 
of GHG emissions will be reduced once the number of animals put into productive is 
reduced. 


Use of Methane-Reducing Feed Additives 
The use of methane reducing feed additives was stated by 26.4% of the respondents 
as being capable of reducing the effect of livestock production activities on GHG 
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emissions. Kataria (2015) observed that the practice of using feed additives to 
mitigate enteric methane production is more prominent in developed countries of 
the world where ruminant livestock are kept in well-managed production systems 
and generally fed diets that are very high in digestibility and nutrients. The results of 
this practice according to the author are an efficient production (milk or meat) 
relative to the amount of methane emitted. Klop (2016) expressed the advantage 
of using feed additives to mitigate GHG emissions as they are supplied in such 
amounts that the basal diet composition will not be largely affected by the feed 
additives (Klop 2016). Methane-reducing feed additives and supplements inhibit 
methanogens in the rumen, and subsequently reduce enteric methane emissions 
(Curnow 2019). Methane-reducing feed additives and supplements can be synthetic 
chemicals, natural supplements and compounds, such as tannins, and seaweed fats 
and oils (Curnow 2019). van Zijderveld et al. (2010) had experimented with lauric 
acid, myristic acid, linseed oil, and calcium fumarate as additives and obtained 
favorable results in the reduction of GHG emissions. Sunflower oil and monensin 
offer the greatest reductions in methane without substantial reductions in diet 
digestibility (Beauchemin and McGinn 2006). It is of note that the practice of 
using feed additives as an adaptive measure to reduce GHG emissions in developing 
countries like Nigeria is almost nonexistent. 


Ranching 

To further reduce livestock's greenhouse gas emissions while continuing to provide 
meat for a growing world population, beef cattle ranchers are proactively 
implementing methane-reducing methods to manage manure, improve soil health, 
and enhance herd efficiency. Ranching will enable farmers to consciously engage in 
practices that are capable of mitigating the effect of climate change on their livestock 
and also make attempt at GHG emissions from their livestock. 


Pathway of Responses 


The dual pathways of responses between climate change and livestock production 
activities are depicted in Fig. 13. Activities from livestock have very high tendencies 
to impact negatively on the environment and eventually causing unfavorable vari- 
ability of climate and its elements, which is indicated by the blue big (fat) arrow that 
goes away from livestock to the environment and climate. The major component of 
the activities of livestock that is known to cause injury to the environment as 
depicted in Fig. 13 is the production of greenhouse gases (shown in an orange box 
on the right-hand side of the pathway). From the respondents in this study, some 
adaptive measures were stated as having controlling and mitigating effect at reducing 
the effect of activities of livestock on the climate and the environment. When these 
measures such as planting of trees to absorb CO», adequate waste management and 
utilization, feeding of livestock with methane reducing feed additives, and breeding 
of animals with faster growth rate are effectively deployed, the destruction of the 
environment will be reduced. Key breeding traits associated with climate change 
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Livestock 


Fig. 13 Dual pathways of responses between climate and livestock 


resilience and adaptation include thermal tolerance, low quality feed, high survival 
rate, disease resistance, good body condition, and animal morphology (Hoffmann 
2008; Oseni and Bebe 2008). In general, developing countries have a weak capacity 
for high-tech breeding programs toward livestock improvement (IFAD 2002). 
Therefore, programs based on controlled mating methods are likely to be more 
appropriate. These programs usually do not produce immediate improvements. 
Improvements are usually not seen for at least one growing season, so a livestock 
producer must be able to incorporate long-term planning into production manage- 
ment strategies. Such measures could include: 


* Identifying and strengthening local breeds that have adapted to local climatic 
stress and feed sources 

* Improving local genetics through cross-breeding with heat and disease tolerant 
breeds 


The environment and climate on the other side of the dual pathway is also known 
to induce stress on livestock. The respondents in this chapter stated that the compo- 
nents of the pathway that are in yellow boxes are capable of limiting the stress caused 
by high variations of climatic elements. The concept of crop-livestock integration 
system is advocated in this chapter as beneficial to livestock and environment in the 
short and long run. 
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Predicting Climatic Conditions Using Machine Learning Approach 


The ability to forecast climatic conditions is essential for proper planning in live- 
stock production. Machine learning (ML) approach leverages on past data to predict 
future events. Three (3) ML model were built to predict the monthly minimum 
temperature, maximum temperature, and relatively respectively based on informa- 
tion from the previous 11 months. 

The methodology adopted is to treat each prediction task as a supervised learning 
problem. This involves transforming the time series data (Fig. 14) into a feature- 
target dataset using auto regressive (AR) technique. 

The parameter (temp min or temp max or relative humidity) to be predicted 1s 
set as the target (dependent) variable and in each case be defined by 


T min (t)|T max (t) RH (t) = f [T min (t — n), T max (t — n), RH(t — n)] (1) 


t is the prediction date. 

t-n denotes the time lags, n is an integer between 1 and 11 

Tmin(t), Tmax(t), RH(t) are temperatures and relative humidity to be predicted. 

Tmin(t-n), Tmax(t-n), and RH(t-n) are minimum, maximum temperatures, and 
relative humidity, respectively, each time lag. 


The transformation resulted in a dataset with 445 samples, each with 34 new 
features. In order to build an ML model, the samples were divided into 361 train 
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Fig. 14 Time Series of Temperature and Relative Humidity (1982-2019) 
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(samples from 1982 to 2012) and 84 validations (samples from 2013 to 2019) sets. 
The Ensemble machine learning methods which are a stack of multiple learning 
algorithms were used to train our model. The choice of ensemble algorithm is to 
obtain better predictive performance than could be obtained from any of the con- 
stituent learning algorithms. For the three models that were built, the predictive 
accuracy measured by the R? for minimum temperature, maximum temperature, and 
relative humidity are 0.9353, 0.8772, and 0.9569 respectively. The plots of the actual 
prediction and the ground truth for minimum and maximum temperatures and 
relative humidity are shown in Figs. 15, 16, and 17, respectively. 

The usefulness of the model developed can be successfully used to predict 
minimum and maximum temperature as well as relative humidity of Ilela, Sokoto 
State (representative of Sahel ecoclimate zone). If these predictions are done appro- 
priately, livestock farmers can use the predicted values to calculate temperature 
humidity index which is indication of level of stress to livestock. Farmers can in 
essence adjust their management practices accordingly to ensure adequate adaptation 
in reducing the anticipated stress that may come to their farm animals. 
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Fig. 16 Plot of predicted and actual values for maximum temperature for Sahel 
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Fig. 17 Plot of predicted and actual values for relative humidity for Sahel 


Conclusion and Recommendations 


Large proportions of livestock stakeholders in Nigeria are aware of the effect of 
climate change on livestock production as well as the contributions of livestock 
production activities to climate change through GHG emissions. About 55% of the 
respondents agreed that the use of adaptive measures in alleviating the effect of 
climate change on livestock is capable of reducing its debilitating effect on livestock. 
The rest ofthe respondents, about 4596, were either neutral or disagreed with the fact 
that adaptive measures can mitigate the effect of climate change. It will be necessary 
to educate those that disagree on this very important fact. About 90% of the 
respondents however believed that economic, social, health, and environment per- 
spectives are critical to solving the problems of the contributions of livestock 
production to climate change and global warning. Based on the predictive model 
developed for temperature and relative humidity in a sample location (Ilela) using 
Machine Learning in this chapter, there is need for development of a web or 
standalone application that will be useable by Nigerian farmers, meteorological 
agencies, and extension organizations as climate fluctuation early warning system. 
Development of this predictive model needs to be expanded and made functional. 
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Abstract 


Coronavirus disease of 2019 (COVID-19) is a current pandemic causing lock- 
down of cities and countries. The nature of this disease and the global cases are 
still considered as deadly all over the world. Analogous was drawn between the 
current COVID-19 pandemic and some of the other contemporary crises of the 
world as regards to climate change in addition to food shortage. Also, Survey 
Monkey instrument was used to generate emperical evidences from 514 respon- 
dents on covid-19 awareness and the effect on food security. Effects of diseases 
on climate change, such as the increasing frequency and strength of extreme 
weather events or the expanding range and spread of diseases was considered. 
Then, the relationship between the COVID-19 pandemic and climate change 
was investigated. Prior to the pandemic, climate change already had adverse 
effects on agriculture and vice versa, which led to food insecurity. The need for 
fruits as well as leafy and root vegetables in peri-urban and urban areas is 
increasing, as well as the food shortage. A drop in agricultural production will 
be expected in the future if the pandemic continues for a few more months. The 
perception and adherence to the preventive measures for this pandemic were 
determined to reduce its spread and lessen its effect on agricultural production 
as well as to improve food security. 
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Introduction 


A total of 17 sustainable development goals (SDGs) have been set to transform our 
world, namely: no poverty, zero hunger, good health and well-being, quality educa- 
tion, gender equality, clean water and sanitation, affordable and clean energy, decent 
work and economic growth, industry, innovation and infrastucture, reduced inequal- 
ity, sustainable cities and communities, responsible consumption and production, 
climate action, life below water, life on land, peace and justice strong institutions, 
partinership to achieve the goals (United Nations Department of Economic and 
Social Affairs (UNDESA) 2015). 


SDGs are the organized principles for addressing environmental improvement objectives 
and sustaining the capacity of the usual structure to offer natural resources, flora and fauna 
services upon which the economy and humanity depends is crucial. 


This chapter identified some of the issues influencing climate change and the 
effect of climate change on food security. It also discussed coronavirus disease 2019 
(COVID-19), which is the current pandemic causing lockdown of the entire econ- 
omy due to its global occurrence (World Health Organisation (WHO) 2020). Some 
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emperical evidences were determined with the use of “Suervey Monkey” Instrument 
that generated responses from respondents from different parts different of Nigeria at 
the peak of the pandemic. This chapter highlighted the pandemic nature of COVID- 
19 and other hidden evidences in litreature. Essentially, some of the health con- 
straints on climate change include the increasing occurrence of extreme weather 
events and the growing rate and spread of illnesses, such as malaria. 


COVID-19, a persistent respiratory disease caused by corona virus is transmitted chiefly by 
contact with human and infected surfaces and the individual shows symptom of fever, 
cough, and shortness of breath and may advance to pneumonia, respiratory failure and death. 


Furthermore, the relationship between pandemic and climate change was inves- 
tigated, although climate change already had adverse effects on agricultural produc- 
tion, which led to food insecurity, especially in under developed countries. It is 
expected that agricultural production will drop in the subsequent years if COVID-19 
pandemic persists for more months. The vulnerable groups include small-scale 
farmers, migrants, labourers/workers, nomads, and fisher folks who have been 
prevented from working on their farms and from taking care of their animals/ 
fisheries will fell the effect. These groups also face difficulty in obtaining access to 
proper marketplaces to retail their produces and processed goods as a result of 
increased food prices and inadequate purchasing resources. Informal laborers are 
also affected leading to hike in labor cost and income losses because of delayed 
harvesting of the produce. 


Conceptualizing the Pandemic Nature of Coronavirus 


COVID-19 could be described as a respiration set of severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) (World Health Organization (2020). This 
virus spreads primarily between people during close contact, often through small 
drops of discharge from the nostrils once an infested individual sneezes or coughs 
into the air. The droplets usually drop to the ground/surfaces without being 
suspended in the air moving 2-m distances (Nigerian Centre for Disease Control 
(NCDC) 2020). People may contract the virus by touching polluted surfaces and 
then touching their faces (mouth, nose, and eyes). The first case of COVID-19 
occurred in December 2019 in Wuhan, China’s Hubei Province. Then, it subse- 
quently spread globally, which resulted in the ongoing 2019-2020 coronavirus 
pandemic (Hui et al. 2020; World Health Organization (WHO) 2020). COVID-19 
has an incubation period of usually 2-14 days for people who develop symptoms; 
however, some people who are infected do not develop any form of symptoms and 
are thus called asymptomatic. While it is easy to isolate and treat infected people that 
develop symptoms, the asymptomatic patients cannot be easily identified, isolated, 
and treated, thus posing a great risk of spreading of the virus. This brings fear to the 
people and also has crippled many economies worldwide, affecting agricultural 
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production, thus causing food scarcity, hunger, and food insecurity. Interestingly, 
researchers worldwide are working tirelessly to develop vaccines/drugs and treat- 
ment regimes of the disease. 


Symptoms Associated with COVID-19 (NCDC and Hopkins 
University 2020; WHO 2020) 


1. 


Cough — Coughing is a common impulse action that clears the throat of mucus 
or foreign irritants. While an individual coughs to free the throat at intervals, 
some amount of situations can lead more frequent coughing, which could be as a 
result of Covid-19. 


. Loss of appetite — This is referred to as anorexia and could be caused by a 


diversity of conditions and diseases. Some of these conditions could be temporal 
and rescindable, such as defeat of appetite or a side effect of medicine. Majority 
of the situations could be very severe, for instance, the consequences of disease 
causation (could be covid-19). Continuous absence of hunger should be evalu- 
ated by a healthcare professional. 


. Difficulty in breathing — This could be described as uneasiness and could be 


related to numerous diverse conditions. It is important to note that frequent 
incidents of shortness of breath could be a symptom of a severe illness (such as 
Corona virus) that needs attention. 


. High temperature/fever — The common body temperature is different for many 


people and changes during the day. If the body temperature is 38 °C, it is 
considered as a high fever. Several conditions could lead to fever, but it is 
usually caused by the body fighting an infection (may be covid-19). 


. Sneezing — This is a sudden reflex discharge of air from the nose and mouth due 


to irritation of the nostrils, which is caused by exasperation to the mucous 
membranes of the nose or throat. It may be very inconvenient and could be 
symptom of Corona virus. 


. Headache — Pain which occurs along the nerves, blood vessels, and muscles that 


is felt in the head. However, if it persists for 3 days, the doctor should be 
contacted because it could be an indication of an underlying disease. 


. Fatigue — This could be bodily, mental, or both, an indication which could be 


difficult to describe; however, words like tired, exhausted, and worn-out may be 
used. 


. Joint pains — This refers to the uneasiness and pain felt in some joints of the 


body, such as those of the shoulders, hips, elbows, and knees. Occasionally, joint 
pain is a result of an illness or injury. 


. Runny nose — This is an indication of several health situations resulting in the 


flow of secretion from the nostrils. This secretion protects material generated 
from the slimy tissue that lines the nasal cavity, which mixes with the saliva and 
drips down the back of the throat. 
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10. Sore throat — This is caused by a virus-related contamination, such as cold or 
influenza. It is also very important that symptoms are appropriately observed. 


Preventive Measures of COVID-19 


There are preventive measures recommended to prevent COVID-19 infection, 
such as self-isolation when feeling sick; avoiding busy spaces; practicing good 
hygiene; proper handwashing; using alcohol-based sanitizers; maintaining social 
and physical distancing from others, especially those with symptoms; covering 
mouth while coughing and sneezing with tissues, which should be thrown prop- 
erly in a closed dustbin; and preventing from touching the face with unwashed 
hands. Furthermore, mask should be used outdoor, where additional non-pharma- 
ceutical techniques cannot be adhered, to reduce the rate of transmission (NCDC 
2020; WHO 2020). 


Strategies Implemented by the Government Globally to Control 
and Prevent the Spread of COVID-19 


1. Total and partial lockdown for weeks or months of states/regions affected by 
COVID-19 

2. Enforcement of curfew between certain hours of the day to prevent people from 
going out and contracting the disease 

3. Closure of the country/state borders (land, air, and waterways) to prevent further 
spread of the disease 

4. Banning of the interstate movement 

5. Fumigation of public places with disinfectants (marketplaces, parking areas, 
hospitals, congested areas, roads, etc.) 

6. Enforcement of the use of surgical gloves, medical masks for healthcare givers, 
and fabric masks for non-medical personnel 

7. Restriction of people’s movements to only essential services (healthcare workers, 
security personnel, and journalists) 

8. Opening of markets for some days of the week 

9. Distribution of palliatives to the poorest of the poor in the country to enable 
citizens to fully comply with the total lockdown 


However, some of the measures implemented to prevent the spread of the virus, such 
as fumigation of public spaces with chemicals and the use of personal protective 
equipment (PPE), which are not properly disposed, can lead to land, water, and air 
pollution, which will later negatively affect the environment, possibly resulting in 
environmental challenges and food insecurity and these could be worst in less- 
developed countries. 


568 N. T. Meludu and T. Abolade 


Diagnosis of COVID-19 


The seriousness of the pandemic differs from person to person. COVID-19 
infection could show minor sypmtoms, such as ordinary flue or common cold, 
or no symptoms at all. As the infection progresses, the symptoms change based on 
gender, generational, and the type of underlying illness. People with mild symp- 
toms of COVID-19 infection usually get better in 14 days or less, although it takes 
21 to 30 days to achieve full recovery (NCDC 2020; WHO 2020). Older people or 
those with underlying diseases, such as hypertension, diabetes, cardiovascular 
diseases, chronic respiratory diseases, and cancers of any type, are susceptible to 
this infection (NCDC 2020), while children experience less severe symptoms. The 
mortality rate of adults less than 50 years who were infected with COVID-19 is 
less than 0.5%. Conversely, those older than 70 years had the highest mortality 
rate from the disease. The major problems related with COVID-19 include sepsis, 
excessive clotting, and damage to the vital organs in the body. Up to 30% of the 
individuals infected with COVID-19 exhibited elevated liver enzymes, known as 
transaminases (Sanders et al. 2020), resulting in organ failiure and eventually 
death. 


Transformation of Situations Causing Typical Climate Change 


Climate change is described as variation on usual climate conditions of an area 
across periods due to natural circumstances or artificial activities causing degrada- 
tion of the environment (Nwosu 2012). Climate change is considered as a long-term 
shift in the average weather situation of a region, such as its typical temperature, 
rainfall, and wind patterns. This variation in weather indicates that the consequences 
estimated in a lot of countries will vary over the coming decades. 


Weather variations are global phenomenon of climate transformation characterized through 
fluctuations observed on weather of the planet regarding temperature and precipitation, 
which are especially instigated through human activities (Food and Agriculture Organisation 
(FAO) 2002). The balancing of the weather condition to sustain ecosystems is under threat, 
as well as the future of humanity and the steadiness of the world economy. 


In other words, climate change refers to the deviation in the geometric distribution 
of the average weather circumstances over a prolonged period of time. Climate 
change induces an increase in the occurrence of extreme weather events. The 
characteristics of weather variation poses risks to agricultural sustainability and 
results in food shortage, high level of poverty, and low level of human and physical 
development. Uninterestingly, weather variations negatively affect human health, 
water resources, land use, coastal infrastructure, and the environment (International 
Fund for Agricultural Development (IFAD) 2010), particularly in developing coun- 
tries, such as Nigeria, where irrigation is not often practiced, as well as in regions that 
experience heavy rainfall, thus causing extreme flooding and leaching. 
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Thus, the apprehension of weather variation cannot be overemphasized which is 
based on the biggest problem facing the world, affecting everything and everyone, 
due to the fact that it plays an important environmental influence on ecosystem. 
Climate change affects the ecosystems in numerous ways, and intermingles with 
poor growth. The cumulative impacts could lead to intense environmental variations 
(United States Global Change Research Program (USGCRP) 2009). The severity 
and frequency of diseases are often related with unfavorable weather conditions and 
unpredicted health concerns spreading in regions where they have not occurred 
before. 


The consequences of weather variation on the availability, accessibility and stability of food 
supplies can cause major alterations in people’s diet choices, which in turn have conse- 
quences on the health of the households and low recovery rate from the pandemic. 


Nelson et al. (2018) has reported that climate change is expected to alter global 
nutrient availability, thereby exerting aftermath effects on malnutrition. The increas- 
ing CO, levels are also expected to reduce the levels of proteins, iron, zinc, and 
vitamins B1, B2, B5, and B9 in staple foods and docosahexaenoic acid content of 
fish, which will cause malnutrition to millions of people worldwide after the 
COVID-19 pandemic (Colombo et al. 2019). COVID-19 pandemic and devastating 
consequences, and how to stop its spread have become the focus of the world. The 
greenhouse gases (GHGs) that significantly contribute to climate change, include 
carbon dioxide, methane, nitrous oxide, ammonia, and other trace gases (Intergov- 
ernmental Panel on Climate Change (IPCC) 2007). The other factors causing 
weather variations are natural causes and human activities. Human activities, such 
as fumigation and disinfection of public places and improper disposal of used PPEs 
during the COVID-19 pandemic, also immensely contribute to climate change. The 
scorching of fossil fuels and the conversion of land for forestry to other uses, 
including agriculture, are also examples of human activities. Conversely, the natural 
causes of climate change include variations in ocean currents and atmospheric 
circulation. 


Effects of Weather Variation on the Environment and Agriculture 
in Nigeria 


The effects of weather variation on food production differ from one country to 
another which is dependent on the current climate condition affecting agricultural 
productivity differently. Nigeria, like all the other countries in the sub-Saharan 
Africa, is highly vulnerable to the impact of climate change. Climate change 
variations from 1960 and 1999 in parts of Nigeria presented visible incidences of 
deficiency for a cumulative period of approximately 8-18 years in some parts of 
Nigeria (Obioha 2009; Muhammed et al. 2011). Uncertainties about the farming 
season due to the changes in rainfall pattern resulted in crop failure, thus leading to 
food shortages because of poor harvests. An increase in rainfall is also favorable for 
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the outbreak of pests and crop diseases, which is detrimental to crop production. 
Specifically, pests and crop diseases are visible in response to weather variation, 
which hypothetically threaten livestock in the drier northern states of Nigeria (Food 
and Agriculture Organisation (FAO) 2002). Small-scale farmers face the problem of 
flooding, which destroys the infrastructure used to store or transport food from 
production areas to markets, thereby discouraging the farmers to produce more 
food (Aluko et al. 2008). Global warming also negatively affects the seafood and 
aquatic lives that are important to humans. In addition, climate change affects not 
only food security but also the livelihood of the people, thus obstructing the 
advancement of many developing and underdeveloped countries. It is quite obvious 
that the most serious challenge to agricultural production and mankind worldwide, 
especially in Africa, is climate change. 


Effects of Climate Change on Food Security 


African countries that rely solely on natural resources and rainfed agriculture are 
more vulnerable to the risks of climate change (IFAD 2010). The consequences of 
climate change effects are irreversible, potentially disastrous to the entire nation, 
most especially the developing and underdeveloped nations. For example, it was 
estimated that by 2020, agricultural production would decline by 50% in some 
countries with rainfed agriculture (Nanki et al. 2010), and this will be worsened by 
the COVID-19 pandemic. The Intergovernmental Panel on Climate Change 
(IPCC) in 2008 analyzed that a temperature increase of 2.5 °C would result in a 
loss of 1.0-1.5% of the gross domestic product (GDP) in developed countries and 
2—9% in developing countries. Generally, climate change causes floods, droughts, 
or tropical storms, which can take a major toll on a country’s economy if a 
significant part of economic activity is sensitive to the weather and climate. 
Therefore, if the current trend of GHG emissions continues, the per capita GDP 
loss by 2022 will be as much as 3—35% (Tamirisa 2008; Harris et al. 2017). Africa 
is a good example of the influence of climate variability on a developing country's 
economy (USAID 2010; Zenebe et al. 2011). Boko et al. (2007) and IFAD (2010) 
reported that the rainfed agriculture and pastoral communities in Africa are 
dependent on annual rain and were identified to be more susceptible to the effects 
of climate change. Climate change have negative impacts on food production, 
especially livestock, in terms of CO» and methane emissions. Livestock uses 
about 32% of arable land, and cattle rearing causes up to 70% of land degradation 
and pollution. Therefore, if forests are lost, it will be difficult to fight climate 
change (Meludu 2019). The sheer quantity of animals being raised for human 
consumption is a threat to climate sustainability. Another scenario 1s that 1 ha of 
land for beef production will feed one person, the same hectare for rice production 
will feed 19 persons, and the same hectare for potato production will feed 22 
persons. This competition is too high to achieve food security and eradicate 
poverty due to degradation and pollution. 
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Concepts of Food Security 


Food security exists at all periods with individuals having financial access to 
necessary, harmless, and nutritious food that provides adequate requirement for 
sustainable life expectancy (FAO 2002; Meludu 2009; Meludu and Ewebiyi 
2010). Food security and food insecurity are considered to be dynamics that 
depend solely on causes of not having enough food and the management. How- 
ever, the partial and total lockdown implemented worldwide due to the COVID-19 
pandemic has affected numerous economic activities, such as food distribu- 
tion, restaurants, hospitality industries, and transportation activities. During the 
COVID-19 pandemic, many countries closed their borders, preventing the free 
flow of goods in to different countries and even within the cities. This restriction 
caused constraints in food distribution and food hoarding, which posed great 
challenges to food security. This is especially to the vulnerable population includ- 
ing; aged people (senior citizens), children, pregnant women and those with 
immune-compromised status. Due to the pandemic, food prices have increased 
worldwide; staple foods such as wheat, garri, rice and beans, tubers, meats, fruits, 
and vegetables became expensive. Adequate and effective support to encourage 
unhindered transportation of food items from source locations to various destina- 
tions, home deliveries became necessary to reduce human interactions and pre- 
vent the possibility of getting infected. When food security is compromised, the 
consequence is food insecurity. 

Food accessibility is affected by the production, distribution, and stability of 
food (Fig. 1). Food accessibility refers to the easy access to food that is essential to 
combat hunger and overcome food insecurity. An individual or household’s access 
to food can be influenced by their income and health conditions. Consumers must be 
able to have the purchasing power in order to have access to food. Due to the 
COVID-19 pandemic, the rate of unemployment has increased, which resulted in 
food insecurity. Individuals need to eat sufficiently to develop strong immunity 
against the virus and to be physically healthy to be able to digest and utilize the 
nutrients in the food consumed. Food utilization can also be influenced by nutritional 
values, health status of an individual, safety of the food, and how it is prepared 
before consumption. Food will be well utilized when people strictly adhere to the 
important safety precautions against COVID-19. Food stability is guaranteed if the 
governments worldwide make adequate preparations to reduce the rate of 


Fig. 1 Dimension of food 
security. (Source: Francesco et 
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postharvest losses to make food available during this pandemic so that people will 
remain healthy and safe. 

Therefore, to achieve all the highlighted dimensions of food insecurity, the 
pandemic should be dealt with accordingly to reduce its impacts on climate change 
so as to avoid food shortage. If adequately managed, the resultant effects will reduce 
the occurrence of food insecurity globally. 


Food Insecurity 


Food insecurity could be considered as deficiency in access to adequate food amount 
in terms of quality and quantity. Inadequate diet and reduced immune system amplify 
vulnerability to diseases (Meludu 2011). Low diet is correlated with the increasing 
development of non-communicable diseases (NCDs) (Velmurugan et al. 2017). 

Climate change-related incidents recurring everyday requires immediate action 
(Solly 2019). Therefore, a scientific innovation strategy for mitigating the impacts 
of climate chnage on agricultural systems is important. Increased food traceability 
aimed at preventing food loss due to contamination issues, prediction of extreme 
events is very germain at this period of pendemic (Dhaliwal and Williams 2019; 
Fabregas et al. 2018; Nkurunziza et al. 2019). 

Food contamination caused by climate change also threatens the achievement 
of the SDGs, namely SDG 2 (zero hunger), SDG 3 (good health and well-being), 
SDG 8 (decent work and economic growth), SDG 12 (responsible consumption 
and production), and SDG 13 (climate action) and indirect effect on the other 
SDGs. Labor scarcities impacted producers, processors, traders, and distribution 
companies in food distribution chains necessitate workforces to be in near vicin- 
ity. The United Nations World Food Programme (UNWFP) predicted that approx- 
imately 265 million people will experience increased food insecurity by the end of 
2020. 


Food insecurity can be illustrated by durations such as; chronic food insecurity is a long- 
standing food scarcity. Temporary food insecurity is a momentary circumstance of food 
insecurity where a populace agonizes from food insecurity transition at the time there is an 
unexpected drop in the capability to produce food for adequate nutritional status and lastly, 
Seasonal food insecurity is a condition that could happen from time to time. 


Food insecurity “hot spots” according to the UNWFP include the following: 


* Substantial conflict-affected states, where food supplies are problematic due to 
the pandemic. The Fulani nomads are also moving due to climate change which is 
destroying crops and agricultural land. Uninterestingly, many farmers and their 
families are displaced from their communities and killed 

* Countries experiencing numerous emergencies due to climate change conse- 
quences that affect food production worldwide, accompanied by the high inci- 
dence of flood preventing farmers from going to their farms to plant 
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e Vulnerable individuals constantly experiencing food insecurity even before the 
pandemic 

* Countries with significant currency depreciation and other product price failure 
(dropping the volume to import food) 


Effects of the Coronavirus 2019 (COVID-19) Pandemic and 
Climate Change on Food Security 


The COVID-19 pandemic has negative effects on climate change which lead to food 
insecurity. The process of fumigating public places (markets, churches, parking 
areas, offices, and the entire environment) pollutes the air which eventually affects 
the weather condition (Fig. 2). 

COVID-19 has caused a dramatic loss of human lives worldwide. It also pre- 
sented an unprecedented challenge with deep social and economic consequences, 
including food insecurity and malnutrition. An impact on the crusade of labor force 
and the distribution of inputs has also caused unacceptable constraint to food 
production. However, agriculture and food-related logistic services was considered 
to be among the important concerns during the COVID-19 pandemic; thus, food 
production and distribution should not be compromised. 
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Fig. 2 Conceptual framework of the interface between COVID-19, climate change, and food 
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The government in every country adopted the idea of lockdown as part of the 
precautionary measures to stop the spread of COVID-19 among its citizens. On the 
contrary, this lockdown resulted in food shortage in that farmers, marketers, pro- 
cessors, and other stakeholders in the value/supply chain were unable to carry out 
their enterprise characteristics and the global food system has been destroyed. 


Empirical Evidences Obtained Through Online Survey on COVID- 
19 Awareness and the Effect on Food Security 


This study used SurveyMonkey (Monkey Survey 2020) to obtain answers to 
selected questions that were raised with regard to the effects of the COVID-19 
pandemic on farming and food security. This study included 514 agricultural 
stakeholders as participants, of which 55.6% are male and 44.4% are female. It is 
so disappointing to note that many of these participants (45%) were not taking 
COVID-19 very seriously, and some were even unsure whether this disease is real 
or not. They considered it as politicians or rich man disease. This resulted in non- 
adherence to the safety measures implemented by the government, thereby causing 
the rapid spread of the disease. About 60% of the respondents learned of this 
pandemic through radio, television, and Internet, 15% from healthcare workers, 
15% from family members, 5% from market places, and 5% from workplaces. 
This implies that many farmers did not have access to information and communica- 
tions technologies (Fig. 3) or regular power supply. Thus, only a few people who had 
sufficient information were able to take adequate measures. This will cause many 
people to contract the virus, thereby leading to death and affecting agricultural 
activities which causes food insecurity. 
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Fig. 3 Channel of information on the COVID-19 pandemic 
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Fig. 5 Effect of COVID-19 on access to money, farm, and office work 


During the period of the lockdown to contain COVID-19, when all economic 
activities were put on hold, many industries could not pay the salaries of their 
workers; thus, there was either a pay cut or staff layoff. Due to this, the purchasing 
power was affected and food accessibility became difficult to achieve. Majority 
(7596) of the respondents disagreed with the way the government handled the 
palliative distribution as not everyone was given, especially the farmers, whereas 
less than average (2596) agreed (Fig. 4). 

Farmers that were supposed to be on the farm working were asked to stay home as 
one of the measures to prevent them from contracting the disease. Almost all (90%) 
the farmers adhered to this, and 8596 did not have access to money (Fig. 5). Most 
crop and livestock farmers in the developing countries rely solely on rainfed 
agriculture, whereas only few depend on irrigation. Unfortunately, the peak of 
COVID-19 occurred at the beginning of the rainy season, which is in April. The 
farmers were unable to perform their seasonal farming activities. Eventually, this 
will result in food shortage and food insecurity. Transport route blockage hinders the 
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Fig. 6 Distribution of the shortage of food, skipping of meals, food gift, spoilage of agricultural 
produce, and low demand for food 


distribution of fresh goods; thus, high levels of postharvest loss and waste may be 
experienced. 

Marketers play significant roles in ensuring adequate distribution of food prod- 
ucts. During the pandemic, marketers were also asked to stay home for a period of 
weeks or months, depending on the number of index cases recorded in the region. 
During this period, marketing activities were disrupted as marketers could not buy or 
sell food as expected. Moreover, there were no available buses/trucks to transport 
goods and services; interstate borders were also closed. During this, food accessi- 
bility was a major challenge for households, thus, eventually leading to food 
insecurity. Processors are another category of people involve in food distribution. 
Due to lockdown, the raw materials used for food processing were not available. 
Therefore, much of foods processing/income were not achieved. This invariably 
resulted in food shortage and food insecurity and resulted in many (8596) households 
not having access to food. A high percentage of households reported skipping food 
once (60%) or twice (56%) a day (Fig. 6). Some crops are supposed to be harvested 
before the rain in flood-prone areas. However, due to the pandemic, they were left on 
the ground to spoil (7096). These measures also resulted in labor shortage which 
disrupted the production and processing of food, most especially for labor-intensive 
crops. Migrant workers left to their states, and those who stayed were not allowed to 
come out, which led to high labor cost even after the relaxation of some measures. 


Conclusion 


Climate variation causes events that affect many economies and has been linked to 
poor food production even before the pandemic. Thus, more effects were felt as part 
of the pandemic consequences, which led to food shortages. Lockdown and closure 
of borders led to farm labor shortage and increase in food prices. In addition, the 
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amount of food that would have been produced by farmers reduced. Crops harvested 
by the farmers and ready for sale got wasted on the farm due to the movement 
restrictions. There were also few trucks available for transporting produces and food 
products, which led to an increase in transportation costs. Many low-income house- 
holds, especially in the rural areas, could not afford to buy enough food to sustain the 
family, thereby causing hunger and malnutrition and lowering their immunity, which 
made them susceptible to diseases. This pandemic has affected the sustainable 
development goals toward achieving food security, namely, goal 1: no poverty, 
goal 2: zero hunger, goal 3: good health and well-being, goal 4: quality education, 
goal 5: gender equality, goal 6: clean water and sanitation, and goal 7: achieving 
human development goals and sustaining the ability of natural system to provide 
natural resources and ecosystem services by 2030. 


Recommendation 


Timely and effective policies should be implemented to prevent more effects on 
climate variations and also to reduce the consequences of COVID-19 so that extreme 
poverty and hunger can be avoided. To overcome challenges on food price, an 
adequate price control mechanism and a price monitoring system for food produce 
must be in place to evaluate the actions. Quality supervision of food items by the 
appropriate organs of the government is very important in ensuring food safety and 
quality, especially during and after the pandemic. Countries are encouraged to 
produce their own agricultural products. People are now advised to engage in 
agriculture to reduce the effect of the pandemic on food security. 
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Abstract 


Climate change has become one of the most profound threats to smallholder 
agriculture in semi-arid and arid areas. Farmers in this sector are especially 
vulnerable to climate change due to reliance on rain-fed agriculture, limited access 
to capital and technology among other challenges. While several potential adapta- 
tion options exist, many barriers hinder effective adoption of these practices, hence 
production in marginal areas remains very low. This chapter discusses crop adap- 
tation through the adoption of small grains in Zvishavane rural, a semi-arid area in 
Zimbabwe. Small grains are conducive in hot areas; their drought-tolerant nature 
enables them to thrive in marginal areas making them an appropriate strategy in 
responding to climate change. However, several production and policy challenges 
associated with small grain production hinder their adoption by farmers. In view of 
this, this chapter discusses the potential of small grains as an adaptation strategy to 
climate change in Zvishavane District, Zimbabwe, and addresses potential chal- 
lenges and opportunities for increased adoption and future research. The review 
showed that farmers in Zvishavane have perceived climate change due to notice- 
able changes in rainfall and temperature patterns in the past years. Despite small 
grain production being the best strategy due to drought and high temperature 
tolerance, an insignificant number of Zvishavane farmers is involved in small 
grain production. This is due to numerous barriers such as high labor demand 
associated with small grain production, the challenge posed by the quelea birds, 
food preferences, low markets, and low extension services and government sup- 
port. It is therefore necessary to encourage adoption of small grains by developing 
improved varieties, adoption of climate smart agricultural practices, improved 
technical support, and access to markets among other interventions. 


Keywords 


Adaptation : Climate change - Mitigation semi-arid areas - Small grain 
production - Smallholder farmers - Vulnerability 


Introduction 


Climate change has become one of the major threats to rain-fed agriculture resulting 
in major drawbacks in agricultural production and food security. IPCC (2007) notes 
that climate change has significantly modified rainfall and temperature patterns in 
many parts of the world. There is strong evidence of erratic rainfall and a noticeable 
shortening of the agricultural seasons worsened by higher ambient temperatures 
resulting in perennial crop failure and frequent droughts across the world (Jerie and 
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Ndabaningi 2011). The adverse effects of climate change are more pronounced 
within the smallholder agricultural sector in Africa, including Zimbabwe, compared 
to the more technologically advanced and high resource input commercial sector. 
Generally, smallholder agriculture is practiced by families or households using only, 
or mostly, family labor and deriving from that work a large but variable share of their 
income, in kind or in cash (HLPE 2013). It therefore follows that the livelihoods of 
smallholder farmers largely depend on agriculture and are particularly vulnerable to 
several hazards. Consequently, if changing climatic conditions continue unabated, 
traditional rain-fed agricultural systems will become increasingly unsustainable with 
severe food security implications. 

Temperature in the sub-Saharan Africa region is predicted to increase by between 
1 °C and 2.5 °C by 2030, which will ultimately result in yield losses of up to 20% by 
the 2050s depending on region (IPCC 2007). Consistent with regional data, 
Zimbabwe’s annual mean surface temperature has warmed by about 0.4 °C from 
1900 to 2000 with the period from 1980 to date being the warmest on record. 
Moreover, the timing and amount of rainfall received are becoming increasingly 
uncertain, with current data showing that during the last 30 years there has been 
frequent droughts and rainfall has significantly decreased with shorter seasons (GoZ 
2014). Consequently, the Food and Agriculture Organization (FAO 2007) observed 
that the crop failures have been a result of early termination of the rains in most 
seasons or low rainfalls in Zimbabwe, especially in semi-arid areas. Gukurume 
(2013) perceived that climate change in countries like Zimbabwe has presented 
insurmountable challenges to the agricultural sector as well as agricultural sustain- 
ability. Droughts, floods, increased temperature, increased rainfall variability, and 
declining precipitation negatively affected agriculture in Zimbabwe, with other 
districts recording almost nothing in terms of output (Zimbabwe Agricultural Sector 
survey 2019). The 2018/19 cropping season was marked by a late onset of rains, 
which resulted in abnormally dry conditions, affecting agricultural activities such as 
land preparation and planting (IPC Zimbabwe 2019). 

The effects of climate change in Zimbabwe are exacerbated by the concentration 
of most smallholder farmers in marginal soils in semi-arid and arid areas located in 
the natural region IV and V, which makes them more vulnerable to climate change 
due to their low adaptive capacity. High temperature and erratic rainfall have resulted 
in constant low yields of the preferred maize staple in the country. Maize is not a 
drought-tolerant crop; hence, it is highly sensitive to harsh environmental condi- 
tions, which negatively affect the yield (Muzerengi and Tirivangasi 2019). There is 
therefore a need to implement adaptation and mitigation strategies that will ensure 
resilience to climate change. Adaptation has the potential to reduce adverse impacts 
of climate change and to enhance beneficial impacts and hence reduce vulnerability 
both in the short and long term (IPCC 2001). There are several adaptation interven- 
tions that have been suggested for smallholder farmers including but not limited to 
crop relocation, adjustment of planting dates, and crop variety; improved land 
management, e.g., erosion control and soil protection incorporating agroforestry 
(IPCC 2007). However, due to the vulnerability of maize to drought, there is the 
need to move away from the production of maize and look for alternative crops that 
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thrive under changing climatic conditions. Sharma et al. (2002) highlighted that 
there is an urgent need to focus on improving crops relevant to the smallholder 
farmers and poor consumers in the semi-arid areas. This chapter focuses on the 
adoption of small grain crops, which have been shown to thrive under harsh 
conditions, as one of the most viable strategies that must be consistently 
implemented in such semi-arid and arid areas as Zvishavane District in Zimbabwe, 
which are facing significant production challenges due to climate change. 
Zvishavane District has experienced recurrent droughts, inconsistence rainfall, and 
is consequently one of the districts that constantly faces food insecurity in the 
country. According to Mawere et al. (2013), for the past two decades, Zvishavane, 
among others in Zimbabwe and beyond, has witnessed pronounced increases in 
temperature, recurrent droughts, and unpredictable rainfall patterns, yet people 
mainly depend on rain-fed agriculture and natural resources for their livelihoods. 
This chapter discusses the potential of small grains as an adaptation strategy to 
climate change in Zvishavane District, Zimbabwe, and addresses potential chal- 
lenges and opportunities for increased adoption and future research. The chapter will 
answer the following questions: 


(i) What are the Zvishavane farmers’ perceptions on climate change? 
(ii) To what extent are farmers in Zvishavane adopting small grains? 
(iii) What are potential barriers/challenges and opportunities for increased adoption 
of small grain crops in Zvishavane District? 


Smallholder Farming in Zimbabwe 


The smallholder sector is known for its small farms, mostly less than 2 hectares that are 
labor-intensive, uses traditional production techniques, and often lack institutional 
capacity and support (Louw 2013). The definition of smallholder farmer depends on 
the country; for instance, in Zimbabwe, smallholder farmers are typically farmers who 
are food insecure, predominantly in low rainfall areas who depend on rain-fed 
agriculture. Their reliance on rainfall for agricultural production exposes them to the 
risks posed by climate change. Smallholder farmers face challenges such as lack of 
infrastructure, reliance on rain-fed systems, highly degraded soils, a variety of chronic 
crop-affecting diseases, tough economic conditions due to poorly functioning markets, 
and limited access to credit, knowledge, and lack of farming skills (Mutekwa 2009). 
Lack of assets, information, and access to services deters smallholder farmers' 
involvement in possibly profitable markets. Moreover, most smallholder farmers are 
confronted with labor limitations as a result of HIV/AIDS, chronic illness, poverty, and 
illiteracy. Furthermore, smallholder farmers lack adequate knowledge, which leads to 
poor selection of cultivars, fertilizer application, and delayed planting of crops. As a 
result, the crop yields are negatively impacted. Worse still they are far from road 
networks to transport inputs, produce, and also access information and have a ten- 
dency to use inefficient modes of transport such as animals. In Zimbabwe there is 
nonexistence of investment in infrastructure, for instance, roads, storage, and market 
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facilities and this handicap the potential role of smallholder farmers. This problem is 
not only common in Zimbabwe but the rest of Africa as well as most African 
government policies are unsuitable and inconsistent, and do not provide an enabling 
environment for the development of the small grains sector. 

Mutasa (2011) highlighted the reasons below as challenges or factors that farmers 
are faced with that also increase farmers’ vulnerability to climate change. 


(a) Poor soil moisture holding capacity 

(b) Lack of necessary farming knowledge 

(c) Lack of draught power 

(d) Difficulties accessing the appropriate inputs on time 

(e) Inadequate farming space 

(f) Poor rains and/poor rainfall distribution 

(g) Communities’ failure to fully recover from previous drought disasters 

(h) Poor fiscal policies resulting in hyperinflation and inaccessibility to cash espe- 
cially after the dollarization of the economy 

(i) Poor governance evidenced by the suspension of humanitarian organizations’ 
operations when they were greatly needed 

(j) Politicization of food assistance and input schemes (benefitting only supporters 
of a particular party) 

(k) Corruption associated with input facilities 

(1) Communities’ focus on maize production at the expense of other traditional crops 

(m) Depletion of human resources and sources of income due to brain drain, HIV, 

and AIDS and other epidemics 


All the above mentioned challenges affect their competitiveness and it leads to 
them having high transport costs to sell their products in the market and buy inputs. 
In addition, smallholder farmers face challenges in accessing markets due to inad- 
equate infrastructure, low productivity levels, inconsistencies in supply, and low 
quality owing to poor post-harvest practices (FAO). Smallholder farmers do not 
make much income as they lack a reliable market and as a result sell their produce at 
their farm gates or local market where they sell below market value (Aaron 2012). 
They tend to be inconsistent in production due to lack of bargaining power and 
inability to reliably supply their products fresh to markets (Aaron 2012). Harvested 
crops are threatened by insects such as weevils, larvae, termites, and rodents such as 
rats; these insects may be present in the grains making it less marketable. Some of the 
pests are attributed to lack of storage facilities as some smallholder farmers store 
grain in their sleeping quarters whereas those who have structures tend to be in very 
poor conditions and hence cannot hinder pest attack. 

Changing climatic conditions have become one of the major challenges affecting 
smallholder farmers in Zimbabwe and the rest of the world. In 2016 and 2017, 
Zimbabwe had a drought, which was aggravated by the impact of El Niño. Small- 
holder farmers tend to suffer from these disasters due to their low adaptive capacity, 
which increase their vulnerability, hence they have no means of recovering from the 
effect this has on their livelihoods. Most smallholder farmers have a tendency to 


586 T. Nciizah et al. 


recover by selling their productive assets, such as their livestock or land. Moreover, 
these persistent droughts, which have taken place over the past few years due to 
changes in climate, continue to erode maize yields. For instance, maize yields have 
been reduced to less than 1.5 ton ha~' against a potential yield of more than 5 tons 
ha! (de Jager et al. 2001). 

Semi-arid and arid regions like Zvishavane district have some of the worst 
affected farmers in Zimbabwe. Zvishavane is a district in Zimbabwe bordered by 
Mberengwa, Chivi, and Shurugwi districts. The mean annual temperature is 20 °C 
although high temperatures of up to 30 °C have been recorded during the hot months 
from October to December (Nciizah 2014). The area receives an annual rainfall of 
about 450—600 mm placing it in region IV but during droughts there can be just 
250 mm of rain (Oakland Institute Undated). According to the OCHA report ( 2012), 
region IV is subject to periodic seasonal droughts and severe dry spells during the 
rainy seasons, and crops can only be intensified by growing of drought-tolerant 
crops. Natural farming regions are a classification of the agricultural potential of the 
country, from natural region 1(>1000 mm per annum), which represents high 
altitude wet areas to natural farming region V, which receives low and erratic rainfall 
averaging 550 mm per annum (Mugabe et al. 2007). The table below shows the 
agroecological regions in Zimbabwe and their characteristics. 

Rainfall in Zvishavane has been erratic such that in some areas like Mazvihwa, 
rain-fed agriculture has become unreliable, worsened by droughts that have gripped 
the country (Nciizah 2014). Despite the hot climatic condition of the district, 
agriculture remains the main source of livelihoods (Mugiya and Hofisi 2017). Just 
like all areas in Zimbabwe, the main crop grown by smallholder farmers in 
Zvishavane is maize. Droughts and little rainfall in the district have led to low 
maize crop yields leading to food insecurity to be high in the area. According to 
ZimVac (2015), Zvishavane was one of the districts with the highest food insecurity 
levels with 42.2%. In 2016, the level went up with 50% households being food 
insecure, hence the need for adaptation and mitigation measures in smallholder 
farming areas (ZimVac 2016). Adaptation measures include adjustment of planting 
dates and crop variety, crop relocation among others. However, one of the most 
recommended approach is the growing of drought-tolerant crops such as small grains 
(Gukurume 2013; Muzerengi and Tirivangasi 2019; Musara et al. 2019). Adoption 
of small grains becomes a crucial necessity that must be embraced by households in 
the area. Small grains grown in the area are sorghum and millet, with finger millet 
being more common than pearl millet (Nciizah 2014). 


Farmers' Perceptions on Climate Change in Zvishavane 


Smallholder farmers in Zvishavane perceive climate change using two variables, 
which are temperature and precipitation paying attention to events that have been 
occurring in the area for the past 10 to 20 years. Perceiving that climate is changing 
is crucial as it leads to adaptation. According to Jiri et al. (2015), perceptions help 
to shape smallholder farmers’ coping and adaptation strategies. Adaptation is a 
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two-step process, which requires that farmers first notice that the climate has 
changed and then secondly, implement adaptation strategies. Farmers’ ability to 
acknowledge the importance of adapting therefore largely depends on whether 
they have observed that there is climate change in the first place (Nciizah 2019). 
Most studies have shown that farmers who perceive that the climate is changing in 
line with the actual climate change records are most likely to adapt to climate change 
(Jiri et al. 2015). Simba et al. (2012) concurs that the most crucial element in 
spearheading adaptation options is for farmers to perceive climate change. Such 
farmers who perceive that the climate has changed, for instance, will be able to 
realize a sharp decrease in maize yields. Numerous studies have been done on 
farmers’ awareness on climate change (Gbetibouo 2009). A study by Okonya et 
al. (2013) in Uganda showed that 99% of all households interviewed had observed a 
change in the climate in the last 10 years. 

The greatest concern for farmers in Zvishavane is the drastic changes in rainfall 
patterns and temperature. This is confirmed by the records from meteorological 
centers. A study by Jiri et al. (2015) also confirmed the decline in rainfall and an 
increase in temperatures over the years. Similarly, Mutekwa (2009) showed that 
farmers in Zvishavane were mainly concerned with precipitation and temperature- 
related weather events, as the ones that are a real concern in relation to their 
agricultural activities. There are now more experiences in dry spells and cold spells. 
Murowa ward in Zvishavane is already a drought prone area and farmers indicated that 
dry spells have become more frequent and devastating in recent years (Mutekwa 
2009). Farmers in the area now experience extremely high temperatures and very low 
rainfall. Maddison (2006) also reported a similar trend of increasing temperatures in 
his study in 11 African countries. Another concern for smallholder farmers in 
Zvishavane is the changing onset of the rainfall season, which was confirmed by a 
study done by Mawere et al. (2013) in Zvishavane and Chivi. The study revealed that 
the climatic conditions that have prevailed for the past 5 years or so in agro ecological 
regions IV and V were very hot with dry conditions. There was rainfall below average 
(300 mm per annum) with poor distribution giving high chances of dry spells. In the 
past, the area used to receive three groups of rainfall, which are Bumharitsva (August), 
Hukurahundi (September), and Munakamwe (November) per year. Now they only 
receive one rainy season (munakamwe), which is also not predictable (Mawere et al. 
2013). In addition, the farmers used to receive the last rains in March but this is no 
longer the case. The rains are no longer predictable as they can come very late and end 
early, something that has proved to be challenging to the farmers. 

In the same study by Mawere et al. (2013), it was discovered that 96% of the 
respondents acknowledged their awareness of the changes in their local weather 
pattern and climate change. Many smallolder farmers in the study perceived the 
following as indicators: less and less rainfall leading to droughts, dwindling farming 
seasons, unpredictable weather patterns, high temperatures, decrease in livestock 
and crop production, low fruit production of wild fruit trees, and extinction of some 
area-specific species. Many smallholder farmers in Zvishavane have noted that 
although the coldest month of the year in Zimbabwe is June, it has been becoming 
less cold and the hottest month and October has become hotter than the previous 
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years. It has also become apparent for most farmers that precipitation has been 
declining for years with more frequent drought occurrences. Drought occurrences 
have largely contributed to low yields and drastic effects on livestock production 
(Jiri et al. 2015). Farmers in Zvishavane have perceived inconsistent rainfall patterns 
and arid conditions in the area, which have led to the perennial flop of maize 
production (The Chronicle 2020). A survey done by International Crops Research 
Institute for the Semi-Arid Tropics (ICRISAT) noted that most farmers in 
Mberengwa and Zvishavane have been realizing very low yields from maize and 
other crops because of the effects of climate change (The Chronicle 2020). 

Wetlands in Zvishavane have also declined over the years. Farmers in Zvishavane 
pointed out that their cattle used to drink water at wells and wetlands around the area 
but the wetlands are no longer there and they have to fetch water from distant places 
(Mawere et al. 2013). They also add that mountains in the area used to have wind 
storms signifying coming of heavy rains. This however no longer happens. Storms 
used to signify rainfall as well as animals such as ducks, baboons, rain bird-blue bird. 
Such animals are no longer existent as they have moved to other areas in search of 
food (Mawere et al. 2013). 


Smallholder Solutions for Climate Change 


Climate change has rendered Zimbabwe’s region IV a non-maize producing zone 
due to climate shocks, a situation that promotes food insecurity (Mugiya and Hofisi 
2017). This has left the majority of people in semi-arid areas food insecure, which 
calls for the need for adaptation. Given the reliance of most people in Zimbabwe on 
rain-fed agriculture, it becomes pertinent to identify solutions that can be 
implemented in order to deal with the insurmountable challenges posed by climate 
change. There are a couple of solutions that have been identified in some studies 
inclusive of conservation agriculture, irrigation, and gardening. A study by Mutasa 
(2011) showed that farmers in Buhera and Chikomba districts have incorporated 
certain strategies to address droughts that are prevalent in the area. The strategies are 
inclusive of early cropping, staggered cropping, dry planting, and planting crops 
with a short maturity life. This study recommends the production of small grains in 
semi-arid areas like Zvishavane. Small grain production will likely curtail the 
numerous challenges faced by farmers in Zvishavane given the advantages posed 
by small grains. Small grains have always been there and are not new as they were 
there before the introduction of maize; they are an indigenous African crop with 
more nutritional benefits than maize. 

Several studies have looked at how small grains can lead to food security 
especially in semi-arid areas (Leuschner and Manthe 1996; FAO 2006; 
Mukarumbwa and Mushunje 2010). They highlight the numerous advantages asso- 
ciated with small grain production. Among such advantages are their nutritious 
value, drought resistance, and how they can be stored for longer periods as compared 
to maize. Leuschner and Manthe (1996) pointed out that sorghum and millet are 
some of the most important cereal crops for communal farmers in Natural Regions 
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1 Vand V of Zimbabwe. Their study showed that in regions with low and erratic 
rainfall like Zimbabwe’s Natural Regions 1 V and V, small grains have the potential 
of stabilizing household food security. In a study by Taylor (2003), sorghum and 
millet are vitally important cereals for the maintenance of food security in Africa. 
FAO (2006) also supports that small grains are the answer to chronic food shortages 
to rural communities who reside in semi-arid regions, especially of the sub Saharan 
region. 


Characteristics and Impact of Small Grain Production on Climate 
Change Adaptation in Zvishavane District 


As alluded to earlier, more than 475 million smallholder farmers across the globe 
cultivate less than 2 ha of land each (Lowder et al. 2016) on poor and marginal land 
with lack of access to technical or financial support that could help them invest in 
more climate-resilient agriculture (Morton 2007). These challenges are exacerbated 
by the effects of climate change, hence the need for appropriate adaptive and 
mitigation measure. Due to these challenges, smallholder farmers in semi-arid to 
arid areas continue to achieve very low yields. Growing small grains becomes an 
adaptation measure that smallholder farmers in areas prone to water and heat stress 
need to implement instead of maize, which is highly susceptible to water stress. 
Although maize is the preferred grain crop in Zvishavane and the rest of Zimbabwe, 
it is frequently written-off due to frequent droughts (Nciizah 2014) resulting in maize 
yields below 1 ton/ha. Consequently, small grain crops like millet and sorghum, 
which can better withstand drought conditions and offer more stable yields in the 
long term, are a better choice (Nciizah 2014; ICRISAT 2015). Small grains, partic- 
ularly sorghum, adapt well to harsh climates and thus can grow in dry conditions due 
to their ability to tolerate heat, salt, and water stress, which makes them an ideal crop 
for semi-arid and arid areas (ICRISAT 2015). 

There has been a conscious drive by the Government of Zimbabwe (GoZ) to urge 
farmers in arid and semi-arid to opt for small grain as a coping mechanism to climate 
change as evidenced by the increase in programs promoting sorghum production 
(GoZ 2014). The government of Zimbabwe has been working with international 
organizations such as FAO and ICRISAT to assist farmers in the country's marginal 
areas to focus more on the production of small grains such as sorghum and millet in 
order to counter poor yield and hence hunger. In Zimbabwe, small grains (sorghum, 
pearl, and finger millet) rank second after maize and consequently play a vital role in 
ensuring food security and nutrition (UNDP 2018b). 

Droughts and dry spells have made smallholder farmers in Zvishavane to be 
expected to rely on irrigation schemes if they want to produce good maize yields. 
Unfortunately most of these farmers do not have the financial capacity to purchase 
the required equipment and the much needed fertilizers (Nciizah 2014). It is there- 
fore vital for these farmers to concentrate more on small grain production compared 
to maize. Most of the farmers in the area are still concentrating on maize production 
with only a few household producing small grains. They still follow the norm of the 
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country whereby maize is the mainstay crop even in drier areas where small grains 
can be produced economically and sustainably (Rukuni et al. 2006). However, this 
needs to change as maize production is no longer conducive for semi-arid areas that 
are constantly facing droughts and erratic rainfall. Recently, Zvishavane faced a 
drought in the 2019/2020 season leading to crop failure. In such circumstances, full 
adoption of small grain adoption becomes a necessity if the area is to avoid zero crop 
yields. This is mainly because small grains have characteristics and properties that 
allow them to thrive in areas like Zvishavane. 

Sorghum and millet are important traditional cereal crops in Africa (Chisi 
Undated). Notably these cereals are indigenous to the African continent (Musara et 
al. 2019), making them well adapted to the African semi-arid areas (Taylor 2003). 
These small grains have become favored because of their good adaptation to hard 
environments and their good yield of production. The grains are drought resistant as 
compared to maize, making them to thrive in areas that are hot and have limited 
rainfall. Water requirements over the growing period average 400 mm for sorghum 
and 300—350 mm for millet as compared to 500 mm that is required for maize (Orr et 
al. 2016). Hence, they are genetically adapted to drylands that face little and irregular 
rainfall, drought, and high temperatures than other cereals like maize. This makes 
them to be able to give some yields in years of low rainfall, especially when grown in 
a multi-cropped system, whereas maize will be a complete failure (Muzerengi and 
Tirivangasi 2019). 

Sorghum and millet also have deeper roots than maize and can withstand higher 
temperatures without damage to the crop (Orr et al. 2016). Bang and Sitango (2003) 
point out that small grains are generally the most drought-tolerant cereal grain crops 
as they require little input during growth. They bring more nutritional value to 
people's diet compared to cereals like maize. Dube (2008) posits that some of the 
advantages of small grains like sorghum and millet over maize include the following: 
a smaller amount of flour is needed to cook the main meal compared to maize, and a 
meal cooked from small grains satisfies hunger for a longer period and gives more 
energy (which is especially important for persons who do heavy manual labor like 
farmers). 

Specifically, looking at finger millet, it can be observed that the crop has valuable 
properties that make it more beneficial to grow in the semi-arid of Zvishavane. The 
cereal is drought resistance in nature, has high nutritional content and has the ability 
to produce with few inputs. Finger millet is a nutritious crop providing proteins, 
carbohydrates, minerals, and amino acids, especially methionine, which is lacking in 
the diets of numerous poor people who live on starchy foods (Bhatt et al. 2003). This 
goes the same with sorghum, which remains important for sustainability of small- 
holder farmers’ subsistence, social and economic livelihoods in semi-arid areas 
(Musara et al. 2019). Sorghum grain contains 11.3% protein, 3.3% fat, and 
56-73% starch (National Research Council, 1996). It is relatively rich in iron, 
zinc, phosphorus, and B-complex vitamins. Tannins, found particularly in red- 
grained types, contain antioxidants that protect against cell damage, a major cause 
of diseases and aging (National Research Council, 1996). Thus, sorghum and millet 
have the capability of providing the nutritional value that can boost the immune 
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system of people particularly poor families. They both have more health nutrients 
compared to maize, wheat, and rice and they improve the physical health of the 
elderly, the sick, children, and pregnant and nursing women. Another advantage of 
sorghum and finger millet maize is that they have a long shelf storage life as they can 
be stored for about 5 years compared to maize, which is only stored for about 2 years. 
Hence, they become conducive in Zvishavane, a place that is facing consistence 
drought and erratic rainfalls. 

Although small grains are mostly suitable for Zvishavane, research conducted in 
the area shows that most smallholder farmers are still reluctant to fully adopt the 
grains. Mawere et al. (2013) in a study in Zvishavane stated that in as much as 
farmers reported that small grain crops performed much better than maize, most 
farmers still preferred growing maize. Similarly, Nciizah (2014) observed that an 
insignificant number of farmers were cultivating small grains in the area. Mugiya 
and Hofisi (2017) reported that while small grain crops prove to be a viable option to 
boost production in the background of climate change vulnerability, people in 
Zvishavane were not adopting such varieties enthusiastically, as adopting such 
varieties threatened their food preference. Hence, in Zvishavane, a significant 
number of households still prefer maize over small grain production. There are a 
number of barriers that have affected small grain production in Zvishavane. This has 
made the area to be consistently food insecure as smallholder farmers still grapple 
with inadequate yields. 


Perceived Barriers to Small Grain Production in Zvishavane 


Despite the advantages associated with small grains, small grain production remains 
low with only a few farmers producing these around Zimbabwe and specifically in 
Zvishavane. Studies done in Zimbabwe have shown that small grain production 
continue to decline (Gukurume 2013). The production of small grains has been very 
low in Zvishavane and the decline in small grain production is due to a number of 
barriers, which are central to this chapter. As indicated by smallholder famers in 
Zvishavane the major barriers to small holder production are labor constraints 
associated with small grain production, the challenge of birds (quelea birds), lack 
of inputs, and challenges associated with storage among other aspects. Studies have 
shown that small grain production is a good adaptive strategy, but is difficult to 
implement given the problems associated with the production of the crops. All 
barriers central to small grain production in Zvishavane are discussed below: 


Lack of Inputs 


UNDP (2018a) carried out a study on the barriers to small grain production. Their 
study showed that there are constraints in accessing inputs that limits the uptake of 
small grains. Overall, the results of the study showed that there is overreliance of 
farmers on untreated seed, evidencing inefficiency of the formal market. The study 
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confirmed that treated and packed seed is not readily available in local markets or 
alternatively, if available, farmers do not afford the improved seed. This is the same 
case as what is transpiring in Zvishavane. There is limited access to small grain 
seeds, which reduces its production. In most cases, farmers end up using untreated 
seed, which largely contributes to poor yields. 

While improved varieties of seeds have been released by NGOs in Zvishavane 
District, the seeds of these small grains are not readily available from the various 
seed producers (Nciizah 2014). Whether farmers in Zvishavane want to produce 
small grains or not, their choices are affected by limited seeds. Christian Care, a non- 
governmental organization (NGO) operating in Zvishavane, has distributed seeds to 
farmers but with limited stock, which has resulted in few farmers accessing it. In 
addition, given the limited seed stock of small grains and the easier accessibility of 
maize seeds most farmers end up preferring maize. Mugiya and Hofisi (2017) cited 
that in Zvishavane there is too much politicization of programs geared to boost 
productivity among small-scale farmers. Farmers in the area revealed that farm 
inputs (inclusive of seeds), which are meant to benefit smallholder farmers, are 
usually diverted for political initiatives impacting negatively on small grain produc- 
tion. In most cases farmers in Zvishavane end up planting sorghum seeds that they 
saved from their yield (Mugiya and Hofisi 2017). Most of these seeds are of very low 
quality, which impacts heavily yield. 


Labor Intensiveness 


The cultivation of small grains is extremely laborious, from land preparation, 
weeding, bird scaring to harvesting and grain processing. Most farmers in the area 
rely on manual production methods, which explains why labor intensiveness is a 
major concern. Nciizah (2014) noted that 95% of farmers in Zvishavane pointed to 
the labor intensiveness associated with small grain production as a very significant 
challenge. The study also showed how weeding is made more challenging by the 
similarities that exist between the weed “Eleusine Indica" and finger millet. The two 
are so similar that in most cases one might end up removing the crop and leaving the 
weed. There is also so much labor associated with harvesting the small grains given 
that the seeds are too small to handle and so much is done manually. Because the 
seeds are small it takes skill and much effort to mill finger millet (Nciizah 2014; 
UNDP 2018a). Farmers also mentioned the labor demands associated with pro- 
cessing of small grains as one of the limiting factors. Farmers in the study mentioned 
how processing of small grains is laborious as it involves threshing and winnowing, 
which is also done manually. 


The Challenge of Quela Birds 


Even though small grains are generally tolerant to diseases there is a huge challenge 
of damage by quela birds. Like in most studies (Nciizah 2014; UNDP 2018a), birds 
and animals are the major challenges in small grain production. According to 
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Neiizah (2019), the birds are attracted by the grain of the crops as the grains are 
exposed unlike those of maize, which is covered by leaves. Chasing birds is highly 
regarded as a strenuous activity that most farmers cannot embark on. Farmers in 
Zvishavane prefer producing maize as maize is prone to attacks by baboons and wild 
pigs, which are easier to scare away than birds which attack the crop in large 
numbers and are difficult to chase away (Nciizah 2014). 


Low Yields 


In Zimbabwe, production of maize continues to dominate in the country's semi-arid 
regions as compared to small grains (Sukume et al. 2000). The lower productivity 
associated with small grains makes them very unattractive to communal farmers in 
semi-arid areas. Small grains also require large farm size, which is out of the reach 
for most farmers in Zvishavane. Given the limited farm size in most places in 
Zvishavane, most farmers then prefer producing maize. A few of those who produce 
small grains have large land size and can also provide labor required to produce 
these. Some studies have also discovered that small grains do not yield much crop 
residue as compared to maize, resulting in most farmers preferring maize production. 
According to Mapfumo et al. (2005), maize production provides crop residue for 
livestock, which the livestock largely depend on for survival during winter. 


Lack of Knowledge 


Despite the evidently dismal performance of maize in the area as a result of the 
effects of climate change, most farmers have for years been disregarding and fiercely 
resisting advice from agricultural experts to plant small grains (The Chronicle 2020). 
Research has shown that people tend to be largely ill-informed about small grain 
production. Many farmers in Zvishavane ignored the calls to adopt small grain 
production and in many instances continued to produce maize despite the realization 
that they are likely to get very low yields due to drought (Nciizah 2014). This is 
largely attributed to taste preferences and the low yields associated with small grains. 
Due to unawareness and lack of prioritization of small grains, most farmers end up 
cultivating small grains in their worst part of arable land, which heavily impacts 
production yields. 


Lack of Markets 


It has been found out that when it comes to selling small grains, it has a very low 
market as people prefer other agricultural produce like maize. This is also confirmed 
by a study done by FAO (1996), which explains that as incomes rise, consumers tend 
to purchase wheat, rice, and, in some cases, maize, rather than traditional coarse 
grains. This has resulted in farmers viewing small grains as having lower earnings 
than other crops. Nciizah (2014) showed that one major disadvantage of small grains 
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cited by Zvishavane farmers is the limited marketing opportunities. In the study 
farmers complained about the absence of a ready market for small grains. Farmers in 
Zvishavane do not rely on the Zimbabwe Grain Marketing Board (GMB) to buy 
small grains. According to Mugiya and Hofisi (2017), farmers complained that the 
GMB normally delays to pay farmers, a situation which further complicates their 
adaptation, as their purchasing power remains poor. 


Low Extension Services and Government Support 


Mukarumbwa and Mushunje (2010), show that small grain production has been 
negatively affected by inadequate government support. Research has shown that 
sorghum and millet are the most drought-tolerant cereal grain crops suitable in 
semi-arid regions (Taylor et al. 2006). The agricultural extension services depart- 
ment (AGRITEX) and the Department of Meteorological Services have extensively 
been incapacitated as a result of the country’s economic and political challenges 
over the past decades that resulted in brain drain of skilled staff (Mutasa 2011). This 
has had a negative impact on farmers’ production capacity and delivery of infor- 
mation about appropriate seeds and production technology. Mukarumbwa and 
Mushunje (2010) in their study indicated that inadequate government support to 
promote small grain production has led to low productivity of these small grains. 
Mugiya and Hofisi (2017) indicated that NGOs in Zvishavane are allegedly accused 
of imposing programs on small-scale farmers. The study also revealed that this also 
applies to government officials like extension officers. Extension officers believe 
that small-scale farmers are rigid and thus end up forcing farmers to adopt small 
grains. The farmers end up facing a challenge as their perceptions end up being 
ignored. 


Food Preferences 


A significant production constraint toward small grain production is food prefer- 
ences. Most Zvishavane farmers significantly prefer maize due to taste prefer- 
ences as compared to small grains. Mugiya and Hofisi (2017) reported that while 
small grain crops prove to be a viable option to boost production in Zvishavane in 
light of climate change, most farmers are not adopting small grains enthusiasti- 
cally as it threatens their food preference. Such preferences affect the overall 
production of small grains. There remains a strong inclination to maize production 
as compared to small grain production. Maize is easily processed compared to 
small grains, which makes maize widely accepted. Jones (2011) pointed out food 
taste, media, and education as influential to people’s food preference. Mugiya and 
Hofisi (2017) also indicated that children prefer maize to millet and sorghum. 
Food security in Zvishavane has been hindered due to farmers’ rejection to 
produce small grains. 
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Interventions to Overcome the Barriers to Small Grains Adoption 


Despite the huge potential of small grain crops to provide a viable adaptation 
mechanism to climate change, adoption among smallholder farmers remains disap- 
pointingly low due to the barriers addressed above. There is need for practical 
solutions from all stakeholders that will make the crop attractive for smallholder 
farmers in drought prone regions such as Zvishavane District. A comprehensive 
review by UNDP (2018b) on emerging solutions to small grains value chains in 
Zimbabwe identified the following interventions; 


(i) Availing improved varieties 
(ii) Improved processing methods and equipment 
(iii) Improved post-harvest management 
(iv) Improved access to markets for both inputs and outputs 


These interventions are likely to make small grain crops more attractive for 
smallholder farmers. For instance, Musara and Musemwa (2020) showed that the 
allocation of more land toward improved sorghum varieties by smallholder farmers 
resulted in improved food diversity and food access. Moreover, improved varieties 
are likely to be more resilient to elevated temperature and low rainfall conditions due 
to climate change. However, it is necessary for stakeholders to increase funding for 
the development of improved small grains varieties, which currently lags behind of 
maize. Nevertheless, it is important that breeders, seed companies, seeds suppliers, 
processors, and retailers work closely with smallholder farmers to effectively under- 
stand and incorporate farmers’ preferences as the end users. 

It is also important to note that while small grains like sorghum perform compar- 
atively better than maize under harsh conditions, unfavorable soil conditions, 
extremes in weather, pests, and poor management practices negatively affect yield. 
Consequently, it is important to complement improved varieties with sustainable 
cropping practices. One of the most widely recommended approaches is climate 
smart agriculture (CSA), which entails agricultural practices that concurrently 
increase productivity, strengthens resilience to climate change (adaptation), 
reduces/removes GHGs (mitigation), and contributes to achieving food security 
and development objectives (FAO 2010). Examples of such practices include con- 
servation agriculture, legume intercropping, agroforestry, organic agriculture, and 
improved pest, water, and nutrient management. These practices significantly 
improve soil health, which ultimately improves crop productivity. Improved 
cropping practices have a potential to improve yields, which may in turn increase 
adoption of small grains. An increase in the adoption of the crop may in turn make 
seed production more attractive for established seed companies, who currently do 
not see the benefit of producing small grain seed due to low sales. However, for 
farmers to adopt these sustainable agricultural practices, there is a need to strengthen 
technical support services. Poor technology as well is generally one of the most 
prevalent challenges to agricultural production and uptake of new technology in 
smallholder farming areas. 
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Conclusions 


The Chapter examined the role played by small grains in adapting to climate change 
in Zvishavane. Farmers in Zvishavane have perceived climate change as they have 
noticed changes in rainfall and temperature patterns in the past years. Such percep- 
tions have been helpful in assisting many farmers to realize the need to adapt to 
climate change. The most appropriate way to adapt to climate change in the area as 
shown in this chapter is small grain production. Small grain production is the best 
strategy given that small grains are drought resistant and can withstand the hot 
temperatures in Zvishavane. However, despite this realization, an insignificant 
number of Zvishavane farmers are involved in small grain production. This is due 
to numerous barriers that have affected the smooth implementation of small grains. 
Such barriers are inclusive of the labor associated with small grain production, the 
challenge posed by the quelea birds, food preferences, low markets, and low 
extension services and government support. If nothing is done to mitigate these 
barriers, Zvishavane will continue to be a food insecure area. In this regard, the 
chapter highlighted possible interventions that can assist in helping farmers adopt 
small grains, which include the development of improved varieties, adoption of CSA 
practices, improved technical support, and access to markets. The labor intensive- 
ness associated with small grain production requires technology and machinery that 
help in reducing manual labor. There is also need for policies promoting small grain 
production and processing to add value to small grains. 


References 


Aaron J (2012) A framework for the development of smallholder farmers through cooperative 
development. Directorate Co-operative and Enterprise Development Department: Agriculture, 
Forestry and Fisheries Republic Of South Africa. Available at: https://www.nda.agric.za/ 
doaDev/sideMenu/cooperativeandenterprisedevelopment/docs/FRAMEWORK-%200F% 
20SMALL%20FARMERS%20(2).pdf 

Bang K, Sitango K (2003) Indigenous drought coping strategies and risk management in Papua 
New Guinea, Cgprt Monograph 43 

Bhatt A, Singh V, Shrotria PK, Baskheti DC (2003) Coarse grains of Uttaranchal: ensuring 
sustainable food and nutritional security. Indian Farmer’s Digest, Luchnow 

Chisi (Undated) Sorghum and Millet Breeding In Southern Africa in Practice, Golden Valley 
Research Station, www.afripro.org.uk 

Dube C (2008) The impact of Zimbabwe’s Drought Policy On Sontala Rural Community 
In Matabeleland South Province, Msc Thesis, Department Of Geology, Geography And 
Environmental Studies, Stellenbosch University 

FAO (1996) Rome declaration on world food security and world food summit plan of action. World 
food summit 13-17 November 1996, Rome 

FAO (2006) Fertilizer use by crop in Zimbabwe. Rome, Italy 

FAO (2007) Climate change and food security, in United Nations Joint Press Kit for Bali Climate 
Change Conference, December 3-14, 2007, Bali 

FAO (2010) Climate-smart agriculture policies, Practices and Financing for Food Security, Adap- 
tation and Mitigation. Rome, Italy. http://www. fao.org/docrep/013/i1881¢/i1881¢e00.pdf 

Gbetibouo GA (2009) Understanding farmers’ perceptions and adaptations to climate change and 
variability: the case of the Limpopo Basin, South Africa IFPRI discussion paper. International 
Food Policy Research Institute, Washington, DC, forthcoming 


31 Role of Small Grains in Adapting to Climate Change: Zvishavane District,. . . 597 


Government of Zimbabwe (GoZ) (2014) Zimbabwe’s climate change response strategy. Govern- 
ment of Zimbabwe, Ministry of Environment, Water and Climate, Harare 

Gukurume S (2013) Climate change, variability and sustainable agriculture in Zimbabwe’s rural 
communities. Rus J Agric Soc Econ Sci 14(2):89-100 

HLPE (2013) Investing in smallholder agriculture for food security: a report by the high level panel 
of experts on food security and nutrition. HPLE report no. 6. Food and Agriculture Organiza- 
tion, Rome 

Integrated Phase Classification Acute Food Insecurity Analysis Zimbabwe (IPC) (2019) Integrated 
food security phase classification: evidence and standards for better food security and nutrition 
decisions. FAO, Rome 

Intergovernmental Panel on Climate Change (IPCC) (2001) Climate change 2001: impacts, 
adaptation vulnerability. Contribution of working group II to the third assessment report of 
the intergovernmental panel on climate change. Unep/Wmo, Geneva 

Intergovernmental Panel on Climate Change (IPCC) (2007) Climate change: synthesis report. 
Contributions of working groups I, II and III to the fourth assessment report of the intergov- 
ernmental panel on climate change. IPCC, Geneva 

International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) (2015) “Is conserva- 
tion agriculture an option for vulnerable households?” Briefing note 4, September. ICRISAT. 
Bulawayo, Zimbabwe 

de Jager A, Onduru D, Van Wijk MS, Vllaming J, Gachini GN (2001) Assessing sustainability of 
low-external input farm management systems with the nutrient monitoring approach: A case 
study in Kenya. Agric Syst 69:99-118 

Jerie S, Ndabaningi T (2011) The impact of rainfall variability on rainfed tobacco in Manicaland 
province of Zimbabwe. J Sustain Dev Afr 13(1):241—250 

Jiri O, Mafongoya P, Chivenge P (2015) Smallholder farmer perceptions on climate change and 
variability: a predisposition for their subsequent adaptation strategies. J Earth Sci Clim Change 
6:277. https://doi.org/10.4172/2157-7617.1000277 

Jones S (2011). How does a food systems approach elucidate the food insecurity of Inuit in Canada? 
Global Environmental Change and Food Systems, GECAFS Working Paper7. University of 
Oxford 

Leuschner K Manthe CS (1996) Drought tolerant crops for Southern Africa. In: Proceedings of the 
SADC/ICRISAT regional sorghum and pearl millet workshop, 25-29 July 1994. Gaborone, 
Botswana 

Louw A (2013) Sustainable policy support for smallholder agriculture in South Africa: key issues 
and options for consideration. In: Greenburg S (ed) Smallholder and agro-food value chains in 
South Africa. PLAAS, Bellville 

Lowder SK, Skoet J, Raney T (2016) The number, size, and distribution of farms, smallholder 
farms, and family farms worldwide. World Dev 87:16—29 

Maddison D (2006) The perception of and adaptation to climate change in Africa. CEEPA 

discussion paper no. 10. Centre for Environmental Economics and Policy in Africa, University 

of Pretoria 

Mapfumo P, Mtambanengwe F, Giller KE, Mpepereki S (2005) Tapping indigenous herbaceous 

legumes for soil fertility management by resource-poor farmers in Zimbabwe. J Agric Ecosyst 

Environ 109:221—233. [Online]. Available from: http://www.sciencedirect.com 

Mawere M Madziwa BF Mabeza CM (2013) Climate change and adaptation in third world Africa: a 

quest for increased food security in semi-arid Zimbabwe. Int J Human Soc Stud. Issn 2321-9203 

Morton J (2007) The impact of climate change on smallholder and subsistence agriculture. PNAS 

104:19680—19685 

Mugabe FT Hodnett M Senzanje A (2007) Comparative hydrological behaviour of two small 

catchments in semi-arid Zimbabwe. J Arid Environ. https://doi.org/10.1016/J.Jaridenv.2006. 

11.016 

Mugiya D, Hofisi C (2017) Climate change adaptation challenges confronting small scale farmers. 

Environ Econ 8(1):57—65. https://doi.org/10.21511/ee.08(1).2017.06 

Mukarumbwa P, Mushunje A (2010) Potential of sorghum and finger millet to enhance household 
food security in Zimbabwe’s semi-arid regions: a review, contributed paper presented at the joint 


598 T. Nciizah et al. 


3rd African Association of Agricultural Economists (AAAE) and 48th Agricultural Economists 
Association of South Africa (AEASA) Conference, Cape Town, South Africa, September 
19-23, 2010 

Musara JP, Musemwa L, Mutenje M, Mushunje A, Pfukwa C (2019) Determinants of sorghum 
adoption and land allocation intensity in the smallholder sector of semi-arid Zimbabwe. Span J 
Agric Res 17(1):E0105. https://doi.org/10.5424/Sjar/2019171-13115 

Musara JP, Musemwa L (2020) Impacts of improved sorghum varieties intensification on household 
welfare in the mid-Zambezi Valley of Zimbabwe. Agrekon 59(2):254—267 

Mutasa M (2011) Climate change vulnerability and adaptation in failing states: Zimbabwe’s 
Drought struggle: Paper prepared for the Initiative on Climate Adaptation Research and 
Understanding through the Social Sciences (ICARUS-2) meeting at the University of Michigan 
(5-8 May 2011) themed, “Vulnerability and Adaptation: Marginal Peoples and Environments.” 
Although there are several climate change-induced impacts, this paper focuses on drought, 
which poses a huge challenge in rural rain-fed agro-economies 

Mutekwa VT (2009) Climate change impacts and adaptation in the agricultural sector: the case of 

smallholder farmers in Zimbabwe. J Sustain Dev Afr 11(2):237-256 

Muzerengi T, Tirivangasi HM (2019) Small grain production as an adaptive strategy to climate 

change in Mangwe District, Matabeleland South in Zimbabwe. Jamba J Disaster Risk Stud 

11(1):A652. https://doi.org/10.4102/Jamba. V 111.652 

Nciizah T (2014) The contribution of small grain production to food security in drought prone areas: 

the case of Zvishavane (2000-2014) A thesis Submitted in Fulfilment of the Requirements for 

the Degree of Master of Arts in Development Studies at Midlands State University 

Nciizah E. (2019). Understanding climate change and rural livelihoods in Zimbbabwe: adaptation 
by communal farmers in Ngundu, Chivi District, A thesis Submitted in Fulfilment of the 
Requirements for the Degree of Doctor Philosophy of Rhodes University 

Oakland Institute and The Alliance For Food Sovereignty In Africa (AFSA) (Undated). www. 
oaklandinstitute.org, www.afsaafrica.org 

OCHA (2012) Midlands province — natural farming regions. http://ochaonline.un.org/zimbabwe 

Okonya JS, Syndikus K, Kroschel J (2013) Farmers' perception of and coping strategies to climate 
change: evidence from six agro-ecological zones of Uganda. Received: OnlinePublished: 
July15, 2013. https://doi.org/10.5539/jas.v5n8p25 

Orr A, Mwema C, Gierend A, Nedumaran S (2016) Sorghum and millets in Eastern and Southern 
Africa. Facts, trends and outlook. Working paper series no. 62. ICRISAT research program, 
markets, institutions and policies. Patancheru 502 324. International Crops Research Institute 
for the Semi-Arid Tropics, Telangana. 76 Pp 

Rukuni M,Tawonezvi P, Eicher C, Munyuki-Hungwe M, Matondi P (2006) Zimbabwe's agricul- 
tural revolution revisited, University of Zimbabwe Publications. Harare, Zimbabwe 

Sharma KK, Crouch JH, Seetharama N, Hash CT (2002) Applications of biotechnology for crop 
improvement: prospects and constraints. Vitro Cell Dev Biol—Plant 163:381—395 

Simba F, Chikodzi D, Murwendo T (2012) Climate change scenarios, perceptions and crop 
production: a case study of semi-arid Masvingo province in Zimbabwe. J Earth Sci Clim Change 
3:124. https://doi.org/10.4172/2157-7617.1000124 

Sukume C, Makudze E, Mabeza-Chimedza R, Zitsanza N (2000) Comparative economic 
advantange of crop production in Zimbabwe. Technical paper no. 99 Department of Agricultural 
Economics and Extension. University of Zimbabwe, Harare 

Taylor JRN (2003). Overview importance of sorghum in Africa [Online]. Available from: http:// 
www.sciencedirect.com/science? 

Taylor JR, Schober TJ, Bean S (2006). Novel and non-food uses for sorghum and millets. J Cereal 
Sci 44:252-271 

The Chronicle (2020) Promotion of small grains pays dividends for farmers: Chronicle.co.zw 

UNDP (2018a) Barrier analysis of small grains value chain in Zimbabwe, Technical Notes Series 
No. 3 

UNDP (2018b) Emerging solutions in small grains value chain in Zimbabwe, Technical Notes 
Series No. 4 


31 Role of Small Grains in Adapting to Climate Change: Zvishavane District,. . . 599 


Zimbabwe Agricultural Sector Survey (2019) Edited by Mutenga T, The State of Zimbabwe’s 
Agricultural Sector Survey 2019, Harare 

Zimbabwe Vulnerability Assessment Committee (ZimVAC) Market Asseessment Report (2015) 
Food and Nutrition Council at SIRDC, Hatcliffe, Harare, Zimbabwe 

Zimbabwe Vulnerabilty Assessment Committee (ZimVAC), Rural Livelihoods Assessment (2016) 
Food and Nutrition Council (FNC) at SIRDC, Hatcliffe, Harare, Zimbabwe 


Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0 
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate 
credit to the original author(s) and the source, provide a link to the Creative Commons license and 
indicate if changes were made. 

The images or other third party material in this chapter are included in the chapter's Creative 
Commons license, unless indicated otherwise in a credit line to the material. If material is not 
included in the chapter's Creative Commons license and your intended use is not permitted by 
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. 


® 


Check for 
updates 


Constraints to Farmers’ Choice of Climate 32 
Change Adaptation Strategies in Ondo 
State of Nigeria 


George Olanrewaju Ige, Oluwole Matthew Akinnagbe, 
Olalekan Olamigoke Odefadehan, and Opeyemi Peter Ogunbusuyi 


Contents 

Hire aes ————————o P 602 
Back proud E 602 

Description of the Study Area and Methodology ................ cesses 604 
Sudy Areas. sci "UL 604 
Research: Methods... ied onere ine e encontre OAT E ne E annie ahennds 604 
Limitations: of the Study .. i. cose tees eerie Soe baie demande INO CO sumeaente ned eiwlep hihedis ws 605 

Results: and. DISCUSSIOT.,...... rese epe rrr rese tonc Sebago IRE C V HR tame eue de peces oe 606 
Socio-Economic Characteristics of the Respondent ................... cee cce eee eee ee eee eee 606 
Constraints to Choice of Adaptation Strategies Used by the Respondents ................ 609 
Relationship Between Some Socioeconomic Characteristic of the Respondents 
and Constraints to Choice of Adaptation Strategies ............ csse 613 

Conclusions MEUM 613 

Tora Tc 614 
Abstract 


Nigeria being dependent on rain-fed agriculture and with low level of socio- 
economic development is highly affected and vulnerable to climate change. It 


This chapter was previously published non-open access with exclusive rights reserved by the 
Publisher. It has been changed retrospectively to open access under a CC BY 4.0 license and the 
copyright holder is “The Author(s)". For further details, please see the license information at the end 
of the chapter. 


G. O. Ige (24) - O. M. Akinnagbe : O. O. Odefadehan 

Department of Agricultural Extension and Communication Technology, School of Agriculture and 
Agricultural Technology, Federal University of Technology, Akure, Nigeria 

e-mail: igego@futa.edu.ng; omakinnagbe@futa.edu.ng; olalekanodefadehan@gmail.com 


O. P. Ogunbusuyi 

Department of Agricultural and Resource Economics, School of Agriculture and Agricultural 
Technology, Federal University of Technology, Akure, Nigeria 

e-mail: ogunbusuyiopeyemi@gmail.com 


© The Author(s) 2021 601 
W. Leal Filho et al. (eds.), African Handbook of Climate Change Adaptation, 
https://doi.org/10.1007/978-3-030-45106-6_ 103 


602 G. O. Ige et al. 


is crucial for farmers to adapt to the never ending climate change. However, 
there are constraints to adaptation strategies used by the farmers. This study 
therefore identified some of the constraints to the farmers’ choice of climate 
change adaptation strategies in Ondo State, Nigeria. A multistage sampling 
procedure was used in selecting one hundred and sixty respondents for the 
study. Data collected with a well-structured interview schedule were analyzed 
using frequency, percentage, and mean statistic, while Pearson Product 
Moment Correlation was used to test hypothesis. Crops competing for nutrient, 
inadequate access to climate information, inadequate finance, scarcity of labor, 
and inadequate farm input supplies were among the major constraints to choice 
of climate change adaptation strategies used by the respondents. The study 
recommended that weather forecast information should be published and made 
available to the farmers through agricultural extension agents. Training on how 
to improve mixed cropping technique and avoid vulnerability should be 
pursued. 


Keywords 


Constraints - Climate change - Adaptation strategies - Farmers - Farm-inputs 


Introduction 
Background 


Climate change is one of the major sources of risk in agriculture (De and Badosa 
2015). In sub-Saharan Africa, it is set to hit the sector severely and cause suffering, 
particularly for smallholder farmers. The potential of agriculture to generate a more 
pro-poor growth process depends on the creation of new market opportunities that 
most benefit the rural poor (Culas and Hanjra 2011). This could be attributed to the 
fact that climate change affects the two most important direct agricultural production 
inputs: precipitation and rainfall (Deschenes and Greenstone 2006). Climate change 
also indirectly affects agriculture by influencing emergence and distribution of crop 
pests and livestock diseases, exacerbating the frequency and distribution of adverse 
weather conditions, reducing water supplies for irrigation, and enhancing severity of 
soil erosion (IPCC 1998). 

Nigeria, which is dependent on rain-fed agriculture together with low level of 
socio economic development, is highly affected and vulnerable to climate change. 
Thus, a better understanding of farmers’ concerns and their perception of climate 
change is crucial to design effective policies for supporting successful adaptation of 
the agricultural sector (Kumar and Sidana 2018). Adaptation helps farmers achieve 
their food, income, and livelihood security objectives in the face of changing 
climatic and socioeconomic conditions, including climate variability, extreme 
weather conditions such as droughts and floods, and volatile short-term changes in 
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local and large-scale markets (Kandlinkar and Risbey 2000). Farmers can reduce the 
potential damage by making tactical responses to these changes. 

Adaptation strategies which are applicable to climate change are not exhaustive. 
These strategies vary with scope, approach, purpose, use, application, and timing. 
The choice of adaptation methods by farmers depends on various social, economic, 
and environmental factors (Bryan et al. 2013). Adaptation is therefore important for 
finding ways to help farmers adapt in the rural economies of Africa by providing 
effective adaptation strategies such as the use of irrigation facilities, improved and 
resistant crop varieties, modern farm mechanization among others in combating the 
adverse effect of climate change. 

However, there are constraints to adaptation strategies of the farmers, which vary 
across countries. Satishkumar et al. (2013) categorized constraints faced by farmers 
in India into personal, institutional, and technical constraints. Small scale fragmented 
land holdings, low literacy level, inadequate knowledge of how to cope or build 
resilience, and traditional beliefs were categorized as personal constraints; poor 
access to extension services, poor access to information sources, and nonavailability 
of institutional credit were categorized as institutional constraints, while non- 
availability of drought tolerant varieties, lack of access to weather forecasting 
information, dependent on monsoon irrigation, high cost of irrigation facilities, 
shifting of cropping pattern, and lack of technical know-how were categorized as 
technical constraints. 

Fagariba et al. (2018) ranked the constraints affecting farmers’ efforts to curb 
the impact of climate change in Northern Ghana. The study reported unpredictable 
weather conditions to be the most serious constraint to climate change adaptation 
strategies. Inadequate government support, lack of access to weather information, 
land tenure issues, high cost of input, inadequate extension officers, lack of formal 
education, and poor soil fertility were the other constraints. Otitoju and Enete 
(2016) grouped the constraints to the use of adaptation strategies among food crop 
farmers in South-western Nigeria into four. The groups include public, institu- 
tional, and labor constraints; land, neighborhood norms, and religious beliefs 
constraints; high cost of inputs, technological and poor information on early 
warning systems constraints; and far farm distance, poor access to climate change 
adaptation information, off-farm job, and credit constraints. Evers and Pathirana 
(2018) submit that greater communication, cooperation, and coordination of both 
policy and scientific work that cut across both disciplinary and geographical 
boundaries are needed to help reduce uncertainties in future climate projections 
and inform adaptation decisions. 

As site-specific issues require site-specific knowledge, it is very important, therefore, 
to clearly understand what is happening at community level, because farmers are the 
most climate vulnerable group. In the absence of such location specific studies, it 1s 
difficult to fine tune interventions geared towards alleviating the constraints faced by 
the local farmers. It is on this note that this study seeks to know the socio economic 
characteristics of the farmers’ and also identify the constraints to farmers’ choices of 
climate change adaptation strategies in the study area. 
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Description of the Study Area and Methodology 
Study Area 


The study was carried out in Ondo State, one of the 36 states in Nigeria, and a 
member of the Niger Delta commission (NDDC) in Nigeria. Ondo State was created 
on third of February 1976 from the former western state. It originally included what 
is now Ekiti state, before the separation in 1996 (ODGS 2016). It is bounded in the 
North West by Ekiti State, west central by Osun State, South East by Ogun State, 
South East by Edo and Delta states, and the South by the Atlantic Ocean. The state 
lies between latitude 5° 45 and 8° 15! north and longitude 4° 45' and 6° 05 ' east. Its 
land area is about 15,500 square kilometers (ODGS 2016). 

Ondo States climate is of two distinct seasons (wet and dry season). In the 
south, the mean monthly temperature is 27 °C with a mean monthly range of 2 °C, 
while mean relative humidity is over 75%. However, in the northern part of the 
state, the mean monthly temperature and its range are about 30 °C and 6 °C, 
respectively. The mean monthly relative humidity is less than 70%. Also, the mean 
annual total rain fall exceed 2000 mm. However, in the northern part, there is 
marked dry season from November to march when little or no rain fall, hence, the 
total annual rain fall in the North drops considerably to about 1800 mm (Fasina 
et al. 2016; ODSG 2016). 

The natural vegetation is the high forest, composed of many varieties of 
hardwood timber such as Melicia excelsa, Antaris toxicaria, Lophira alata, 
Terminalia superba, and Symphonia globulinfera. An important aspect of vegeta- 
tion of the state is the prevalence of tree crops. The major tree crops include cocoa, 
kola, rubber, coffee, oil palms, fruits, and citrus (Institute of Food Security, 
Environmental Resource and Agricultural Research (IFSERAR) 2010). Ondo 
state is predominantly an agricultural state with over 60% of its labor force 
deriving their income from farming. It is the leading Cocoa producing state in 
Nigeria. Other agricultural products include yam, cassava, cocoyam, plantain; 
thus, the state can support the cultivation of a large variety of crops. It also has 
the longest coastline in the Country which favor fishing activities in the riverine 
areas (IFSERAR 2010). The population of the study includes all arable crop 
farmers in Ondo State, Nigeria. 


Research Methods 


Study Site Selection and Sampling Methods 

A multistage sampling procedure was used in selecting the respondents for this 
study. In the first stage, two out of the three senatorial districts in the state were 
randomly selected. The selected senatorial districts are Ondo Central and Ondo 
North. The second stage involved a random selection of two (2) Local Government 
Areas (LGAs) from each of the two selected senatorial districts. The selected LGAs 
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are: Akure South, Ifedore, Ose, and Owo LGAs. The third stage involved purposive 
selection of four (4) villages, based on the predominance of arable crop farming in 
the LGAs, making a total of sixteen (16) villages. In the final stage, ten arable crop 
farmers were randomly selected. Thus, a total of one hundred and sixty (160) 
respondents constituted the sample size for the study. Data were collected with the 
aid of a well-structured interview schedule. 


Data Source and Collection Method 


Data Analysis 
Data analytical techniques that were used in achieving the objectives for this study 
are descriptive statistics. They include frequency counts, percentage and mean. 

The socio-economic characteristics of the farmers were analyzed using fre- 
quency, percentage, and mean statistic. To identify the constraints to choice of 
adaptation strategies used by the respondents, a list of possible constraints were 
made available for the farmers to tick on a three-point Likert- type scale of major 
constraint, minor constraint, and not a constraint, with the value of 2, 1, and 
0, respectively. These values were added up to 3 and divided by 3 to get a mean 
value of 1. Any variables with mean value greater than or equals to 1 imply that 
they are constraints to climate change adaptation, while mean value of less than 
1 implies that they are not a constraint. Any variable with a mean value of greater 
than or equals to 1.5 are major constraints. The responses were analyzed using 
mean statistic. 

Hypothesis Ho: There is no significant relationship between some socio eco- 
nomic characteristics of the respondents and constraints to choice of adaptation 
strategies used by the respondents. This was tested using the Pearson Product 
Moment Correlation (PPMC). 


Limitations of the Study 


The study covered only four (4) LGAs out of the eighteen (18) LGAs in the state. 
Only one hundred and sixty respondents out of several hundred thousands of arable 
crop farmers in the state were included in the study. This was due to the paucity of 
funds to carry out the study. A funded research can cover a larger sample for a similar 
study in the future. Furthermore, access to some farmers was very difficult due to bad 
access roads, which is a feature of many rural communities in Nigeria. Responses 
gotten from the respondents were based on memory recall which may not be 
perfectly and correctly stated. The effects of this limitation were minimized by 
repeating some questions but reframed, so as to confirm the response to the previous 
question. Uncooperative attitude of some farmers in terms of giving accurate 
information about themselves was another limitation. These limitations propelled 
the researchers to put extra effort to collect reliable data, which will be affected by 
the identified limiting factors. 
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Results and Discussion 
Socio-Economic Characteristics of the Respondent 


The distribution of respondents by their socio-economic characteristics is presented 
in Table 1. It was revealed that 38.8% were between 50 and 59 years of age, 24.5% 
were between 40 and 49 years, 20.7% were between 60 and 69 years, while 10.5% of 
the respondents were above 70 years of age. Also, 4.9% of the respondents were 
between 30 and 39 years, while only 0.6% of the respondents were less than 30 years 
ofage. It was further revealed that the average age of the respondents was 54.6 years. 
This is an indication that arable crop farmers in the study area are fairly old, although 
they are still within the active age with the strength and vigor to carry out all the 
laborious activities involved in agricultural production. This agreed with the findings 
of Oluwasusi and Tijani (2013), who reported an average age of 53.9 years in a study 
conducted in Ekiti State, Nigeria. 

Farming in the study area was dominated by the males (62.5%), while the female 
respondents accounted for 37.5% of the respondents. This might be attributed to the 
laborious nature of all the activities involved in arable crop production/farming in the 
study area. However, the females were believed to be more involved in the pro- 
cessing and marketing of farm by-products. This agreed with the findings of Ibitoye 
et al. (2014) who reported that the males dominated agricultural production in a 
study on the constraints to climate variability adaption among arable crop farmers in 
Ekiti State, Nigeria. 

It was further revealed that majority (87.5%) of the respondents were married, 
while only 1.9% of them were still single, 6.3% of the respondents were divorced, 
while 4.4% of them were separated. The fact that majority of the farmers in the study 
area were matried might be a reflection of the strong moral values attached to 
matriage institution in the study area. This also agreed with the findings of Ibitoye 
(2012) and Oguntade et al. (2014) who reported in their separate studies that arable 
crop farmers that are married dominated arable crop farming activities in Nigeria. 
Majority (62.5%) of the arable crop farmers in the study area were Christians, 32.5% 
of the respondents were Muslims, while 5.0% of the respondents practiced tradi- 
tional religion. 

Average household size of the respondents was 7 people. It was revealed that 
majority (71.2%) of the farming households had between 5 and 9 people, while 
16.3% had less than 5 people in their household. However, 12.5% of the respondents 
had 10 people and above in their respective households. The average household size 
of about 7 people implied that the household size among farming households in the 
study area is fairly large. However, this is expected to be a very good source of labor 
(family labor) for their farming activities and it is expected to enhance their level of 
productivity. 

It was observed that 28.1% of the respondents had no formal education, 21.9% 
completed primary school education, while 15.6% of them completed secondary 
school education. It was also revealed that 11.3% attempted primary school educa- 
tion, 8.1% of the respondents acquired adult education, 8.1% of the respondents 


32 Constraints to Farmers’ Choice of Climate Change Adaptation Strategies in. . . 607 
Table 1 Socio-economic characteristics of the respondents 

Socioeconomic characteristics Frequency Percentage (96) Mean (X) 
Age (years) 54.6 
<30 years 1 0.6 

30-39 years 8 4.9 

40-49 years 39 24.5 

50-59 years 62 38.8 

60-69 years 33 20.7 

70 years and above 17 10.5 

Sex 

Female 60 37.5 

Male 100 62.5 

Marital status 

Single 3 1.9 

Married 140 87.5 

Widowed 10 6.3 

Divorced 7 4.4 

Religion 

Christian 100 62.5 

Islam 52 32.5 

Traditional 8 5.0 

Household size (number) 7 
<5 persons 26 16.3 

5—9 persons 114 71.2 

10 persons and above 20 12.5 

Level of education 

No formal education 45 28.1 

Adult education 13 8.1 

Attempted primary school 18 11.3 

Completed primary school 35 21.9 

Attempted secondary school 13 8.1 

Completed secondary school 25 15.6 

Attempted tertiary education 1 0.6 

Completed tertiary education 10 6.3 

Farming experience (years) 

<10 years 16 10.1 27.5 
10-19 years 29 18.1 

20-29 years 41 25.5 

30 years and above 74 46.3 

Farm size (hectares) 

«I 114 71.4 0.91 
1-1.99 28 17.5 

2-4.99 16 10 

>5 2 Ll 


(continued) 
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Table 1 (continued) 


Socioeconomic characteristics Frequency Percentage (%) Mean (X) 
Annual income (N) 318,595.91 
<100,000 14 8.7 

100,000—499,999 113 70.6 

500,000—999,999 28 17.5 

1,000,000 and above 5 3.2 


Source: Field Survey, 2017 


attempted secondary school education, while 6.3% of them completed tertiary 
education. However, 0.6% of the respondents attempted education at tertiary level, 
without completing it. The fact that only 15.696 of the total respondents completed 
secondary school education and that only 6.396 of them completed tertiary education 
is an indication that the level of education among the farmers in the study area is low, 
in agreement with the findings of Oluwasusi and Tijani (2013). This is believed to 
have an effect on their level of awareness about climate change effects and also on 
their level of adoption on strategies in mitigating its effects. 

It was further revealed that respondents that had farming experience of 30 years 
and above constituted 46.3% of the total respondents sampled for this study. 
However, 25.5% of the respondents were reported to have between 20 and 
29 years of farming experience, 18.1% had between 10 and 19 years of farming 
experience, while only 10.1% of the total respondents had less than 10 years of 
farming experience. It was also revealed that the average years of farming experience 
among the arable crop farmers in the study area was 27.5 years. This is an indication 
that respondents are well experienced in farming activities in the study area. This is 
expected to enhance the knowledge of the farmers in how to select the appropriate 
measures to mitigate and cope with the effect of climate change in the study area, in 
agreement with the findings of Oguntade et al. (2014). 

Majority (71.4%) of the respondents had less than one hectare of farm land, 
17.5% have between 1—1.99 ha, while 10.0% of the respondents had a farm size of 
between 2 and 4.99 ha. However, 1.196 of the respondents had a farm size of five 
hectares and above. The average farm size was approximately one hectare. This 
suggests that respondents in the study area are small holder arable crop farmers, who 
practice farming on subsistence basis. This finding is in agreement with the findings 
of Babatunde (2008), who reported that majority of arable crop farmers in Nigeria 
are small holder farmers who practice subsistence farming on a small piece of land. 

Majority of the respondents (70.6%) earned between N100,000 and N499,999 per 
annum, 17.5% of them earned between N500,000 and N999,999 per annum, while 
8.7% of the respondents earned less than N100,000 per annum. However, 3.2% of the 
respondents earned above N1,000,000 per annum. The average annual income of the 
respondents was also revealed to be N318,595.91. This suggests that the average 
annual income of the respondents was fairly low. This could, however, be attributed 
to the fact that the arable crop farmers in the study are operating on a subsistence 
scale, with majority of them farming on less than one hectare of land as reported 
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earlier. The low income earned by the arable crop farmers might equally be due to low 
output that usually occurs as a result of the adverse effects of climate change. This is 
in agreement with the findings of Falola et al. (2012); also, low income earned by the 
arable crop farmers may also be as a result of extra costs incurred by the arable crop 
farmers in an attempt to mitigate the adverse effects of climate change. 


Constraints to Choice of Adaptation Strategies Used by 
the Respondents 


Table 2 presents the constraints to choice of adaptation strategies used by the 
respondents in the study area. It was revealed that inadequate finance (X — 1.8), 
scarcity of labor (X — 1.8), and inadequate technical know-how knowledge (X — 1.7) 
were the major constraints militating against the choice of irrigation as a coping 
strategy to the effect of climate change in the study area. The problems of inadequate 
finance would not enable the arable crop farmers to acquire the necessary irrigation 
equipment and facilities which might be too expensive for them to acquire from the 
proceeds from their farming activities. Also, inadequate knowledge and technical 
know-how in operating the modern irrigation equipment will to a greater extent 
limit the farmers use of irrigation as an adaptation strategy to the effect of climate 
change in the study area. 

It was further revealed that poor agricultural extension services (X — 1.6), high cost 
of fertilizer and other inputs (X — 1.5), as well as pest and diseases (X — 1.6) were the 
major constraints militating against the choice of planting of cover crops as a coping 
strategy to combat the effect of climate change in the study area. This implied that 
inadequate dissemination of information as a result of poor extension services limits the 
level of awareness of the farmers on the potentials the planting of cover crops has in 
reducing the effect of adverse climatic condition (e.g., drought) on arable crops in the 
study area. This is in conformity with the findings of Satishkumar et al. (2013) Also, 
high cost of fertilizer and other inputs required in planting and maintaining cover crops 
constrained some ofthe arable crop farmers to use the planting of cover crops to combat 
the adverse effect of climate change in the study area. This is in line with the findings of 
Otitoju and Enete (2016). High possible incidence of pest and disease infestation 
associated with the use of cover crops can also be a constraint to the use of cover 
crop in mitigating the effects of climate change in the study area. 

It was further revealed that the major constraints militating against the use of 
weather forecasting as an adaptation strategy against the effects of climate change 
included inadequate access to climate information (X — 1.8). This corroborates the 
findings of Fagariba et al. (2018). This suggests that inadequacy of climatic infor- 
mation available to the arable crop farmers in terms of accuracy and consistency of 
metrological information greatly constrained them from choosing weather forecast- 
ing as an adaptation strategy against the effects of climate change. Also, the high cost 
of accessing the weather forecast information as well as the incompatibility of such 
information constrained the farmers in adopting weather forecasting as a reliable 
means of coping with the effect of climate change in the study area. 
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Table 2 Constraints to choice of adaptation strategies used by the respondents 


G. O. Ige et al. 


Major Minor Not a 
Constraints to adaptation constraints constraints constraint Mean Std. 
strategies (2) (1) (0) (X) dev. 
Irrigation 
Inadequate finance 38 (86.4) 4 (9.1) 2 (4.5) 1.8* 0.5 
Land related issue 35 (79.5) 1 (2.3) 8 (18.2) 1.6* 0.8 
Scarcity of labor 37 (84.1) 6 (13.6) 1 (2.3) 1.8* 0.4 
Inadequate technical know-how 36 (81.8) 2 (4.5) 6 (13.6) 1.7* 0.7 
knowledge 
Planting of cover crops 
Poor agricultural extension 38 (77.6) 3 (6.1) 8 (16.3) 1.6* 0.8 
services 
Farm distance 30 (61.2) 4 (8.1) 15 (30.7) 1.3 0.4 
High cost of fertilizer and other 34 (69.4) 6 (12.2) 9 (18.4) 1.5* 0.8 
inputs 
Pest and diseases 38 (76.0) 4 (8.0) 8 (16.0) 1.6* 0.8 
Use of weather forecasting 
Inadequate access to climate 30 (83.3) 3 (8.3) 3 (8.3) 1.8* 0.6 
information 
Cultural incompatibility 26 (72.2) 6 (16.7) 4 (11.1) 1.6* 0.7 
It is expensive and depends on 28 (77.8) 2 (5.6) 6 (16.7) 1.6* 0.8 
technologies 
Inconsistent government polices 22 (62.9) 5 (14.3) 8 (22.9) 1.4 0.6 


Use of resistant crop varieties 


Availability of the varieties 44 (88.0) 1 (2.0) 5 (10.0) 1.8* 0.6 
Cost of the varieties 41 (83.7) — 8 (16.3) 1.7* 4.1 
Farm distance 32 (65.3) 6 (12.2) 11 (22.4) 1.4 0.8 
Off farm job and credits 34 (70.8) 5 (10.4) 9 (18.8) 1.5* 0.8 
Change in planting date 

Poor agricultural program and 50 (82.0) 4 (6.6) 7 (11.5) 1.7* 0.7 
service delivery 

Neighborhood norms and 29 (47.5) 11 (18.5) 21 (34.4) 1.1 0.9 


religious believes 


Reduction in output 41 (67.2) 9 (14.8) 11 (18.0) 1.5* 0.8 
Inadequate access to hybrid seeds | 50 (82.0) 6 (9.8) 5 (8.2) 1.7* 0.6 
Change in harvest date 

Inaccurate agro-metrological 19 (79.2) 1 (4.2) 4 (16.7) 1.6* 0.8 
information 

Time of dissemination of agro- 17 (70.8) 3 (12.5) 4 (16.7) 1.5* 0.8 
meteorological information 

Poor storage and processing 16 (66.7) 2 (8.3) 6 (25.0) 1.4 0.9 
facilities 

High cost of farm operations 14 (58.3) 2 (8.3) 8 (33.3) 1.3 0.9 


(continued) 
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Table 2 (continued) 
Major Minor Nota 
Constraints to adaptation constraints | constraints constraint Mean Std. 
strategies (2) (1) (0) (X) dev. 


Use of sand bags by river banks 


High cost of labor 9 (100.0) - — 2.0* 0.0 
Inadequate finance and credit 9 (100.0) - — 2.0* 0.0 
facilities 

Drudgery of making the sand 8 (88.9) 1 (11.1) — 1.9* 0.3 
bags 

Longer time in making the sand 8 (88.9) - 1 (11.1) 1.8* 0.7 
bags 

Use of mulching materials 

Over grazing of the land 25 (39.1) 6 (9.4) 33 (51.6) 0.9 0.5 
Urbanization 21 (31.8) 9 (13.6) 36 (54.5) 0.8 0.9 
High cost of labor in applying the | 51 (73.3) 11 (16.7) 4 (6.1) 1.7* 0.6 
mulching material 

Durability of the mulching 29 (44.6) 21 (32.3) 15 (23.1) 1.2 0.8 
materials 

Mixed cropping 

Vulnerability to pest and diseases | 42 (52.5) 11 (13.8) 27 (33.8) 1.2 0.9 
Crops competing for nutrient 48 (60.8) 17 (21.5) 14 (17.7) 1.4 0.8 
Depletion of the soil nutrient 38 (48.1) 17 (21.5) 24 (30.4) 1.2 0.9 
Poor extension delivery services 35 (44.9) 19 (24.4) 24 (30.8) 1.1 0.9 
Crop rotation 

Life span of the crop grown 11 (47.8) 6 (26.1) 6 (26.1) 1.2 0.9 
Inadequate farm input supplies 15 (68.2) 6 (27.3) 1 (4.5) 1.6* 0.6 
Depletion of the soil nutrient 8 (36.4) 3 (13.6) 11 (50.0) 0.9 0.9 
Nonavailability of labor 6 (27.3) 8 (36.4) 8 (36.4) 0.9 0.8 
Use of intercropping 

Complication of crop 7 (43.8) 3 (23.1) 3 (23.1) 1.3 0.9 
management and harvesting 

Problem of separating seed crop 4 (30.8) 5 (38.5) 4 (30.8) 1.0 0.8 
yield 

Community customs and laws 3 (25.0) 2 (16.7) 7 (58.3) 0.7 0.9 
Nonfarm income diversification 

Government policies due to taxes 1 (8.3) 3 (25.0) 8 (66.7) 0.4 0.9 
Inadequate finance and credit 23 (71.9) 1 (3.1) 8 (25.0) 1.5* 0.9 
Poor skills 22 (66.7) 4 (3.0) 7 (24.2) 1.5* 0.8 
Low wages and poor condition of | 24 (72.7) 1 (3.0) 8 (24.2) 1.5* 0.9 
work 


Key: 0-0.9 = Not a Constraint; 1.0-1.4 = Minor Constraint; 1.5 and above = Major Constraint 


*denotes major constraints 
Note: Values in parenthesis are Percentages 
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It was further revealed in this study that the major factors militating against 
the use of resistant crop varieties as an adaptation strategy against the effects of 
climate change in the study area included nonavailability of the disease resistant 
varieties (X = 1.8), high cost of the varieties (X = 1.7), as well as off farm job and 
credits of the farmer (X = 1.5). The high cost, coupled with the unavailability of 
improved varieties of arable crops that are resistant to pest and diseases, is a major 
constraint preventing the arable crop farmers from adopting the use of resistant crop 
varieties to cope with the effect of climate change in the study area. Otitoju and Enete 
(2016) reported a similar finding. 

Poor agricultural program and service delivery (X = 1.7), inadequate access to 
hybrid seeds (X = 1.7), and reduction in output (X = 1.5) were the major constraints 
militating against the use of change in planting date as an adaptation strategy against the 
effects of climate change in the study area. Also, inaccurate agro-metrological infor- 


mation (X = 1.6), time of dissemination of agro-metrological information (X = 1.5), 
and poor storage and processing facilities (X = 1.4) were the major constraints 
militating against the use of change in harvest date as an adaptation strategy to the 
effects of climate change in the study area. This implied that inaccurate and unseem- 
liness of agro-metrological information greatly constrains the arable crop farmers in the 
adoption of both change in planting and harvest dates as a coping strategy in combating 
the effects of climate change in the study area. 

It was also observed that major constraints that militated against the use of sand 
bags by river banks as an adaptation strategy to the effects of climate change in the 
study area included high cost of labor (X = 2.0), inadequate finance and credit 
facilities (X = 2.0), and drudgery of making the sand bags (X = 1.9). This implied 
that the use of sand bags as an adaptation strategy might be very expensive for the 
arable crop farmers to adopt. Therefore, with the limited finance available to the 
arable crop farmers, it might be difficult to adopt the use of sand bags as an 
adaptation strategy to combat the effect of climate change in the study area. Also, 
drudgery of making the sand bags might be a discouraging factor preventing the 
farmers from adopting the use of sand bags as an adaptation strategy to combat the 
effect of climate change in the study area. 

Furthermore, high cost of labor in applying the mulching material (X = 1.7) and 
the durability of the mulching materials (X = 1.2) were the major constraining factors 
militating against the use of mulching materials as an adaptation strategy against the 
effects of climate change in the study area. This suggests that the higher the cost of 
labor in applying the mulching materials, the lesser the adoption of mulching 
materials as an adaptation strategy in combating the effect of climate change in the 
study area. It was further observed that the constraints militating against the use of 
mixed cropping system as an adaptation strategy in the study area were minor ones. 
They included crops competing for nutrient (X = 1.4), vulnerability to pest and 
diseases (X = 1.2), and depletion of the soil nutrient (X = 1.2). This might be 
attributed to the fact that the practice of mixed cropping increase the vulnerability of 
the crops planted to different pests and diseases. Also, practicing mixed cropping will 
make the different crops compete for the limited available nutrients, and ultimately 
this will lead to quick depletion of soil nutrients. 
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Table 3 PPMC Correlation between some socioeconomic characteristic of the respondent and 
constraints to choice of adaptation strategies 


Variable r-value p-value Decision 

Age —0.028 0.729 Not significant 
Household size 0.122 0.128 Not significant 
Level of education —0.074 0.354 Not significant 
Farming experience (years) 0.126 0.116 Not significant 
Farm size (plots) 0.170* 0.034 Significant 


"Correlation is significant at the 0.05 level (2-tailed) 


Furthermore, the major constraining factor against the use of crop rotation as an 
adaptation strategy to the effects of climate change was observed to be inadequate 
farm input supplies (X = 1.6), while the life span of the crop grown (X = 1.2) was a 
minor constraint. Moreover, there were only minor constraining factors against the 
use of intercropping as an adaptation strategy to the effects of climate change in the 
study area. They include complication of crop management and harvesting (X — 1.3) 
and problem of separating seed crop yield (X — 1.0). However, inadequate finance 
and credit (X — 1.5), poor skills (X — 1.5), and low wages and poor condition of 
work (X — 1.5) were the major constraints preventing the arable crop farmers from 
choosing nonfarm income diversification as an adaptation strategy against the effects 
of climate change in the study area. 


Relationship Between Some Socioeconomic Characteristic 
of the Respondents and Constraints to Choice of Adaptation 
Strategies 


Table 3 presents the result of the null hypothesis which states that “There is no 
significant relationship between some socioeconomic characteristic of the respondent 
and the constraints to choice of adaptation strategies used by the respondent." It was 
revealed that the farm size of the respondent was the only socioeconomic characteristic 
that had a strong positive correlation (r — 0.170; p — 0.034) with the constraints to 
choice of climate change adaptation strategies used by the respondent in the study area. 
This suggests that constraints to choice of climate change adaptation strategies 
increases with increase in the farm size, implying that respondents with larger arable 
crop farms were faced with more constraints to choice of climate change adaptation 
strategies in the study area compared with those with smaller farm size. 


Conclusions 


From the findings, it can be concluded that many of the farmers, who happened to be 
males, fairly old, and are arable crop farmers. The major constraints to the various 
adaptation strategies were inadequate finance, scarcity of labor, poor agricultural 
extension services, inadequate access to climate information, nonavailability of 
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resistant varieties, poor agricultural program, inaccurate agro-meteorological infor- 
mation, high cost of labor, low wages and poor condition of work, complication of 
crop management and harvesting, inadequate farm input supplies, and crops com- 
peting for nutrient. These constraints have hindered arable crop farmers in their 
choice of the identified adaptation strategies in coping with the adverse effect of 
climate change; it is also reduced farmers level of food production in a bid to ensure 
food security in the society and also elevate their own economic standard. Hence, 
respondents with larger arable crop farms were faced with more constraints to choice 
of climate change adaptation strategies in the study area compared with those with 
smaller farm size. 

It is recommended that weather forecast information should be published and be 
made available to the farmers for them to be aware of situations to be prepared for at 
the beginning of each production season through agricultural extension agents. Also, 
training on how to improve the mixed cropping technique and avoid vulnerability 
should be pursued. This could also avert crop failure. 
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Abstract 


Climate change and climate variability in Malawi have negatively affected the 
production of maize, a staple food crop. This has adversely affected food security. 
On the other hand, there have been increases in growing area, production, yield, 
consumption, and commercialization of both cassava and sweet potato. Factors 
behind these increases include the adaptive capacity of these crops in relation to 
climate change and variability, structural adjustment programs, population 
growth and urbanization, new farming technologies, and economic development. 
Cassava and sweet potato are seen to have the potential to contribute to food 
security and alleviate poverty among rural communities. 
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This study used a simple generic growth index model called GROWEST 
to model observed yields of maize, cassava, and sweet potato across 
Malawi between 2001 and 2012. The method can be viewed as a hybrid approach 
between complex process-based crop models and typical statistical models. 
For each food crop, the GROWEST model was able to provide a robust correla- 
tion between observed yields and spatially interpolated monthly climate. The 
model parameters, which included optimum growing temperatures and growing 
seasons, were well determined and agreed with known values. This indicated that 
these models could be used with reasonable confidence to project the impacts of 
climate change on crop yield. These projections could help assess the future of 
food security in Malawi under the changing climate and assist in planning for this 
future. 


Keywords 


Climate change - Food security : Maize > Cassava - Sweet potato : Crop yield 
modelling 


Introduction 


Process-based simulation models and statistical models are commonly used to assess 
the impact of climate variability and climate change on food crop yields (Lobell and 
Asseng 2017). The former typically have complex plant and environmental data 
requirements, while the latter can have large uncertainties in fitted parameters that 
make application to climate change assessment difficult (Schlenker and Lobell 2010; 
Ray et al. 2019). This chapter examines a hybrid approach that statistically calibrates 
a simple generic plant growth model, called GROWEST, using spatially distributed 
yield and monthly climate data. The model parameters are robustly determined and 
hence able to provide baseline models suitable for assessing the potential yields of 
maize, cassava, and sweet potato in relation to projected climate change. The 
GROWEST plant growth index model was originally developed by Fitzpatrick 
and Nix (1970) and Nix (1981) and has been implemented by Hutchinson et al. 
(2002). It has been used to develop a global agroclimatic classification that has 
identified agroclimatic classes for Australia (Hutchinson et al. 2005) that have been 
used to support a wide variety of ecosystem assessments. 

The model is applied to annual yield data for the eight Agricultural Develop- 
ment Divisions (ADDs) across Malawi and corresponding spatially distributed 
monthly climate data. Spatial climate data were available from 1981 to 2012. The 
maize analyses were restricted to the years 2006—2012 after the introduction of 
the Farm Input Subsidy Program (FISP) in 2005/06 which had a significant 
impact on maize yields. Reliable annual yield data were available for cassava 
for the period 2001—2011 and for sweet potato for the period 2006-2012. The 
yield model is based on regressing the logarithms of the observed crop yields on 
average weekly growth indices of the GROWEST model, with the average taken 
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over the respective growing season for each crop. Three key parameters of the 
GROWEST model, the optimum growth temperature and the starting and 
finishing weeks of the growth season, are tuned to the observed yield data for 
each crop. The regressions take into account variations in site and management 
conditions across different ADDs and are extended to take into account system- 
atic increases in yields over time due to plant breeding programs, improvements 
in growing practice, and carbon dioxide fertilization. Robustly calibrated models 
are obtained for local, composite, and hybrid maize varieties and for cassava and 
sweet potato. 


Maize, Cassava, and Sweet Potato Growth 


As noted by Kawaye and Hutchinson (2018), maize is a staple food crop in Malawi 
that is grown under both irrigation and rainfed farming systems. However, rainfed 
farming dominates as it covers about 99% of Malawi’s agriculture, mainly on 
smallholder farms. Kawaye and Hutchinson (2018) further noted that rainfed 
maize is normally planted between November and December (the start of the rainy 
season). It grows rapidly during the high rainfall months of January and February 
and matures by early April. It is harvested in late April or early May. Maize yields in 
Malawi range from less than 1000 kg to over 4000 kg per hectare, depending on 
various factors including climate, location, seed variety, fertilizer use, labor, and 
policy-related factors including access to credit, input and output markets and 
extension services. 

Cassava (Manihot esculenta Crantz) is a perennial woody shrub with an edible 
starchy tuberous root (Mathieu-Colas et al. 2009). Cassava grows under diverse 
ecological and agronomical conditions. It favors a warm moist climate with mean 
temperature of 24-30 °C (Nassar 2004; Mkumbira 2002). It can tolerate tempera- 
tures from 16 °C to 38 °C (Cock 1984). It does not favor excess soil moisture nor 
high salt concentrations nor pH above 8 (Nassar 2004; Mkumbira 2002). Cassava is 
normally planted early in the wet season, usually around mid-November. As a 
perennial crop, cassava has no definite lifetime or maturation period. After full 
development of the canopy, root growth slowly decreases and finally stops. This is 
the maturation point of cassava when maximum or near maximum yield is obtained. 
Cassava is harvested when the returns for production and utilization are maximized. 
Thus harvesting can be delayed to well after when the tubers have matured. The 
optimum time to harvest is 9-12 months (Mathias and Kabambe 2015) depending on 
various ecological factors such as rainfall, temperature, and soil fertility (Mathieu- 
Colas et al. 2009; Benesi 2005). 

Sweet potato (Ipomoea batatas Lam) is an annual crop (Mathieu-Colas et al. 
2009). It is widely grown in tropical, subtropical, and temperate areas between 40°N 
and 32°S. It grows best with air temperatures between 20 °C and 25 °C, and growth 
is restricted below 15 °C (Ramirez 1992). It can be cultivated across a wide variety 
of soil types and prefers lightly acid or neutral soils with a pH between 5.5 and 6.5 
(Ramirez 1992). Sweet potato is commonly grown as an intercrop with maize and 
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planted early in the calendar year (FAO 2005). It can also be planted toward the end 
of the wet season in late April and grown on residual soil moisture. Like cassava, the 
growth period of sweet potato depends on various ecological factors, but it generally 
takes 4—5 months to mature (Mathieu-Colas et al. 2009). 


Methodology 


This study modelled the dependence of observed maize, cassava, and sweet potato 
yields on spatially distributed monthly climate to provide a basis for assessing the 
impact of projected climate change. The models were constructed by performing 
multilinear regressions of the logarithms of the observed yields on accumulated 
outputs from the GROWEST growth index model. The GROWEST model generates 
a generic, process-based, growth index that depends on weekly or monthly climate 
with a minimal number of parameters. The growth index varies between 0 (climate 
totally limiting for growth) and 1 (climate optimal for growth). It is normally 
assumed to be proportional to the rate of relative increase in plant biomass over 
time. The growth index is calculated as the product of three separate indices that 
incorporate the impact of temperature, solar radiation, and modelled soil moisture. 
The simplicity of the model, and its underlying process basis, makes it well suited to 
deriving robust calibrations of yield response to climate using yield data limited in 
quantity or quality. The modelling approach can be seen as a hybrid between 
complex crop simulation models and statistical analysis of growing season weather 
variables (Lobell et al. 2011). The critical parameters of the GROWEST model are 
able to be determined by maximizing the alignment of the GROWEST outputs with 
the observed crop yields using standard multilinear regression. These regression 
analyses are extended to take account of observed systematic increases in crop yields 
over time due to crop breeding programs, improvements in crop management, and 
possible carbon dioxide fertilization. 


GROWEST Analysis 


The models were calibrated on yield data for each ADD over the periods for which 
both climate and reliable yield data were available, namely, 2006—2012 for the three 
main varieties of maize, 2001—2011 for cassava, and 2006-2012 for sweet potato. 
The GROWEST model was applied to monthly climate across all eight ADDs using 
interpolated monthly climate values at 74 points that approximately equi-sampled 
the cropping areas across the eight ADDs of Malawi as shown in Fig. 1. The 
interpolated climate values were obtained using thin plate smoothing splines as 
provided by the ANUSPLIN Version 4.4 package (Hutchinson and Xu 2013). The 
output growth indices (GIs) were averaged across each ADD to match the average 
yields reported for each ADD. The GROWEST model runs on a weekly time step 
but can be applied to monthly climate data by interpolating monthly data to weekly 
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Fig. 1 Seventy-four sites 
sampling crop growing areas 
across the eight Agricultural 
Development Divisions 
(ADDs) of Malawi 
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data “on the fly.” It can provide weekly or monthly outputs. Weekly GROWEST 
outputs were used to obtain finer-scale demarcations of the fitted growing seasons. 

A robust regression model was used to determine critical GROWEST parameters 
for all five crop varieties. Since the GROWEST model describes a relative growth rate, 
it is natural to formulate the regression model in terms of the natural logarithm of the 
observed yields. The log formulation has been used in other yield studies (Lobell et al. 
2011) and appears to offer a natural separation between site and climatic effects on 
observed crop yields. A similar approach, but not applying the log transformation, was 
described by Kawaye and Hutchinson (2018). The regression model for the observed 
yields Zi; for year Y; and ADD; (j = 1...,8) was defined by: 


log (Zi) =a + b Gi + cY; + £ij 


where Gij denotes the accumulated growth index for year Y; and ADD; and ej 
denotes a zero-mean random error. The model parameters aj and b were initially 
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fitted by least squares regression while setting c = 0. Three additional critical 
GROWEST parameters were optimized during this initial fitting of the model. 
These parameters were the optimum temperature of the temperature index, used in 
calculating the weekly growth index, and the first and last weeks of the fitted 
growing season, used to define the growing season period. The soil water balance 
parameters of the GROWEST model were set to default values with the soil water 
holding capacity set to 150 mm and the soil drying rate set to that of a clay loam soil. 
The soil water balance is an important component of the growth index, but it is not 
very sensitive to departures from these default parameter values. 

For the three maize varieties, parameter c was fitted by refitting all parameters 
using least squares regression. For cassava and sweet potato, parameter c was fitted 
by least squares regression on year of the residuals of the data from the initial model. 
This removed instabilities when all parameters were fitted directly to the cassava and 
sweet potato data. 

The model is robust with just ten parameters. It has a constant dependence of log 
(yield) on the climate-based accumulated growth index but has a site varying 
intercept to allow for different site and management conditions across different 
ADDs. The linear dependence on year via parameter c allows for underlying 
improvements in yield due to crop breeding programs, improvements in crop 
management, and possible carbon dioxide fertilization. 

As in Kawaye and Hutchinson (2018), the GROWEST parameters were 
optimized by automating GROWEST runs and initial regressions using FORTRAN 
code and standard LINPACK numerical analysis software (Dongarra et al. 1979). 
Comprehensive analyses of the fitted models were computed using the standard 
regression package within Excel software. These analyses permitted the identifica- 
tion and removal of a small number of yield data outliers with large standardized 
residuals. These were associated with anomalies and accounting errors evident in the 
supporting yield data. 

Once outliers were removed and GROWEST optimizations were complete, final 
comprehensive statistical analyses were computed, making due allowance for the 
three degrees of freedom associated with estimating the three GROWEST parame- 
ters. Standard errors of the fitted GROWEST parameters for the initial regressions 
were calculated from the diagonal elements of the inverse of the associated Hessian 
matrix. The Hessian matrix was estimated by calculating second-order finite differ- 
ences of the residual sums of squares of the model with respect to the three fitted 
GROWEST parameters. 

The final fitted models were applied to the associated growing areas for each 
ADD and each year. These outputs were aggregated across all ADDs to obtain 
modelled national yield and production for all crops analyzed. These values were 
compared with the tabulated national yield and production values to assess the 
performance of the models at the national scale. 

With a view to assessing the potential impacts of climate change, the domains of 
the fitted temperature indices for each crop were compared with the distributions of 
the weekly temperatures that occurred across the ADDs over the fitted growing 
seasons. 
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Results 
Trends in Production and Yield of Maize, Cassava, and Sweet Potato 


Three main varieties of maize are cultivated in Malawi. These are (i) local 
(traditional) varieties, (ii) composite varieties, and (iii) hybrid varieties. There are 
major differences between the yield potentials of these varieties (Giertz et al. 2015; 
Pauw et al. 2010; Denning et al. 2009; JICAF 2008; Heisey and Smale 1995; Ngwira 
and Sibale 1986). Local varieties have the lowest yield. They are not subject to yield 
improvement programs, and harvested seed is recycled from year to year. Composite 
varieties have higher yields and are often more drought tolerant. They are subject to 
yield improvement programs but seed can be recycled. Hybrid varieties are the 
highest yielding and most expensive. They are subject to strictly controlled yield 
improvement programs, and harvested seed cannot be recycled. 

Figure 2 compares growing areas and yields of these three maize varieties from 
1984 to 2015. There has only been significant composite maize production since 
the late 1990s. There has been a steady increase in the area devoted to composite 
and hybrid varieties and a simultaneous reduction in local maize growing area. 
This shift has been encouraged by increasing climate stress, such as increasing 
temperatures, and poor access to farm inputs for local maize production. There is 
significant year-to-year variation in maize yields, with composite and hybrid 
yields particularly low from 2001 to 2005. This could be attributed in part to 
poor climate including low rainfall. The generally higher yields of composite and 
hybrid maize after 2005 coincide with the introduction of the Farm Input Subsidy 
Program (FISP). Kawaye and Hutchinson (2018) have presented evidence that 
FISP has made a significant improvement in composite and hybrid yields since 
2006. The analysis of maize yields presented below is therefore restricted to the 
post FISP years. 

Figure 3 shows that cassava and sweet potato production has been generally 
increasing. There was an abrupt increase in cassava yield in the year 2000 followed 
by a steady increase, while sweet potato yield has been steadily increasing since the 
mid-1990s. The abrupt increases in yields in earlier years suggest there have been 
major improvements in crop-growing practice, and perhaps recording practice, 
during the 1990s. The steady increase in yields since 2000 reflects increased policy 
and institutional support, such as the introduction of higher yielding varieties, and 
improved management practices to diversify the food security basket. The general 
increase in area under cultivation cassava and sweet potato since 2005 indicates that 
more farmers have been planting these crops on new land or on land withdrawn from 
or shared with maize. As noted above, this is due to an increasing reliance on cassava 
and sweet potato for food security, especially in maize deficit (drought) years. 

There was a sharp drop in both yield and production for all crops (maize, cassava, 
and sweet potato) in the drought year of 2005. For the other years, major variations 
in production are largely explained by major variations in growing areas as shown in 
Figs. 2 and 3. On the other hand, minor year-to-year variations in yield are likely to 
be attributable to year-to-year climatic variations. The differing year-to-year 
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variations in yield and climate by ADD enable the calibration of the yield responses 
to monthly climate using the models described here. 


GROWEST Analyses 


For each crop the model was initially fitted to the available yield data values with the 
optimum GROWEST temperature set to a commonly accepted value for each crop. 
The automated model fitting code was used to adjust the growing season to minimize 
the standard error of the fitted model. A small number of large standardized residuals 
for each model were found to correspond to anomalous growing areas or yields for 
particular RDPs making up the ADD yield data. These large outliers were removed 
from the analysis, and the three key GROWEST parameters, the optimum growing 
temperature and the beginning and end of the growing season, were finally opti- 
mized by minimizing the residual sum of squares of the fitted model. There were two 
outliers for each of the three maize analyses, none for the cassava analysis and four 
for the sweet potato analysis. The values of the three key GROWEST parameters 
were found to be quite critical to the overall performance of the model. This is in 
keeping with the finding of Wang et al. (2017) who similarly found that the shape 
and location of the temperature response function in process-based crop models are 
critical to their performance. The fitted GROWEST parameters are listed in Table 1. 

The fitted starting weeks for the three maize varieties were remarkably similar. 
Allowing for a period of around 2 weeks from sowing to emergence when the maize 
plants begin to interact with the atmosphere, the fitted starting weeks corresponded 
to planting in early December when the wet season is underway. Composite and 
hybrid maize had fitted growing seasons lasting 13 and 12 weeks, while local maize 
had a somewhat longer fitted growing season of 15 weeks. These values are all in 
reasonable agreement with standard management practice. There is systematic 
variation in the fitted optimum growing temperatures. The fitted temperature for 
local maize is consistent with documented optimum temperatures of around 26 °C 


Table 1 Optimized GROWEST parameters and mean yield for each crop. Standard errors for each 
parameter value are provided in parentheses. Weeks are numbered sequentially 1—52 for each year 


Number Optimum First week of | Last week of | Mean crop 
of data growing growing growing yield 
Crop points temperature (^C) | season season (kg/ha) 
Local 54 24.5 (0.9) 52 (1.0) 15 (1.7) 928 
maize 
Composite | 54 28.9 (0.4) 52 (0.8) 13 (1.3) 1,981 
maize 
Hybrid 54 30.2 (0.6) 51 (1.4) 12 (1.5) 2,883 
maize 
Cassava 88 27.3 (0.6) 47 (2.0) 26 (2.9) 17,984 
Sweet 52 23.4 (0.7) 7 (2.9) 22 (2.0) 15,920 


potato 
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for maize root growth and grain filling (Sanchez et al. 2014). The fitted temperature 
for composite maize is consistent with documented optimum temperatures of around 
28 °C to 30 °C for maize growth from sowing to anthesis. The slightly higher fitted 
temperature for hybrid maize is consistent with documented optimum temperatures 
of around 31 °C for whole plant maize growth. The fitted parameter values indicate 
that hybrid and composite maize are better adapted to higher temperatures and have 
shorter growing seasons than the traditional local maize varieties. These are both 
accepted aims of maize breeding programs. 

The fitted growing season for cassava corresponded to planting cassava in 
mid-November and effective growth terminating by around the end of June. This 
agrees with the usual growing practice for cassava reported above, with planting 
time somewhat variable from year to year depending on the arrival of rain and 
harvesting time variable according to a range of conditions. The latter is consistent 
with the larger standard error for the finishing week. The fitted optimum growing 
temperature for cassava is in good agreement with accepted values (Nassar 2004; 
Mkumbira 2002; Cock 1984). 

The fitted growing season for sweet potato corresponded to planting sweet potato 
in early February and effective growth terminating by around the beginning of June. 
This is consistent with sweet potato being mainly grown as an intercrop with maize 
and planted after the maize crop is in place. The fitted optimum growing temperature 
for sweet potato is also in good agreement with accepted values (Ramirez 1992). 

Statistics and key model parameter estimates for each crop are provided in 
Table 2. All of the model fits were highly statistically significant well beyond the 
0.001% level. The performance of the model, with a single coefficient of the 
accumulated growth index and a different model intercept for each ADD, is remark- 
ably consistent across all crops. Allowing the coefficient of the accumulated growth 
index to vary from ADD to ADD gave unstable behavior and did not improve the 
standard error of any model. This confirmed that the relative dependence of crop 
yield on climate via the accumulated growth index was effectively constant across all 
sites, justifying the use of a single parameter b across all ADDs. 


Table 2 Critical parameter estimates and the percent of yearly variance accounted for the fitted 
models for all five crops. Standard errors of the fitted parameter values are provided in parentheses 


Model Percent yearly 
Number of | standard Parameter variance accounted 

Crop data points | error b Parameter c for (%) 

Local 54 0.141 2.79 (0.55) | 0.000 (0.009) |38 

maize 

Composite | 54 0.141 3.33 (0.71) | 0.013 (0.010) | 36 

maize 

Hybrid 54 0.150 2.61 (0.69) | 0.032 (0.011) | 34 

maize 

Cassava 88 0.132 2.16 (0.34) | 0.025 (0.004) | 54 

Sweet 52 0.070 0.85 (0.17) | 0.016 (0.005) | 47 
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The standard errors of the fitted models are generally no more than 15%, and the 
fitted values of parameter b are mostly between 2 and 3 with relatively small standard 
errors of around 20%. The percent of yearly variation in crop yields explained by the 
model, after removing variation between sites, ranged from 34% for hybrid maize to 
54% for cassava. These values are consistent with the finding of Ray et al. (2015) 
that climate variation explains around a third or more of crop yield variability. 

The smaller value of parameter b for sweet potato suggests that the model has 
been less successful in calibrating the full impact of climate on tuber growth. This 
may have been contributed to by the relatively short data record available for 
sweet potato and the larger number of apparent accounting errors in the yield data. 
The variation in planting dates between the traditional early planting date in 
February and the less common late planting date at the end of the wet season 
may have also contributed to the less strong fitted dependence on climate via 
parameter b. On the other hand, the small model standard error suggests that sweet 
potato yields may be more stable in relation to climatic variability than cassava. 
Analysis of yield data over a larger number of years would help to resolve this 
question. 

The underlying rates of increase in crop yields are well determined for all crops. 
The fitted rate of zero for local maize is consistent with no breeding program in place 
for local maize. The marginally statistically significant rate of increase for composite 
maize of 1.396 per year is consistent with the modest breeding program in place for 
composite maize, and the statistically significant rate for hybrid maize of 3.296 per 
year is consistent with the strong breeding program in place for hybrid maize. The 
fitted rates of increase of around 296 per year for sweet potato and cassava are 
consistent with breeding programs being in place for both crops. 

Plots of the log (yield) data values versus modelled values are shown in Fig. 4. 
Individual plots (not shown) of the fitted model, as a function of accumulated GI for 
each ADD, show considerable scatter of the observed yield data about the fitted 
model, but the constant slope b of the fitted line across all ADDs is estimated with 
reasonable precision, as described above. Likely contributors to the scatter about the 
fitted model include changes in management practice from year to year, 
including variations in planting dates, inaccuracies in recording crop yields, and 
possible misalignments between the locations of the sites sampling climate across 
the ADDs and the main locations of crop growth. The monthly time scale of the 
supporting climate data is likely to have made only a small contribution to the scatter 
about the fitted model given that the largest departures from the fitted model are in 
every case attributable to clear accounting errors in particular resource development 
districts (RDDs) within each ADD rather than systematic climate-related anomalies 
across all RDDs in any ADD. 

The smallest observed and modelled values in the plot for cassava are for the 
drought year 2005 in Shire Valley ADD. The drought was severe in the other 
southern Machinga and Blantyre ADDs but particularly severe for the Shire Valley 
ADD (FAO 2005). The plots in Fig. 4 show that the model is able to recognize most 
drought conditions with reasonable accuracy but somewhat overestimates cassava 
yield during particularly severe droughts. 
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Fig. 5 Modelled and actual total yield and production for all three maize varieties 


The models were finally assessed by their ability to explain the total yield and 
production across Malawi. The observed and modelled yield data were aggre- 
gated across all ADDs and plotted in Figs. 5 and 6. The spatially aggregated 
models provide accurate explanations of the observed values with average per- 
centage differences from the actual annual values around 7% for the three maize 
varieties and less than 5% for cassava and sweet potato. The larger departures in 
these plots generally correspond with known accounting errors in the supporting 
yield data. 

The fitted temperature index curves and the corresponding relative histogram of 
weekly temperatures observed over the fitted growing season for the 74 sites 
representing the eight ADDs across Malawi are plotted for local maize, hybrid 
maize, cassava, and sweet potato in Fig. 7. The plots show that the apparent 
temperature constraints on local maize and sweet potato are well matched to the 
observed weekly temperatures across Malawi, while the optimum temperatures of 
hybrid maize and cassava are somewhat larger than the mode ofthe observed weekly 
average temperatures. This suggests that projected future increases in temperature of 
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around 2 °C would have minimal impact on local maize yield, perhaps slightly 
reduce sweet potato yield and moderately enhance yields of higher temperature 
adapted hybrid maize and cassava. Possible changes in soil moisture regimes also 
need to be taken into account to obtain a more complete estimate of the likely impact 
of projected future climate. Soil moisture status is particularly important in the grain 
filling stage of maize (Li et al. 2018). 


Discussion 


The fitted regressions on accumulated GI have provided reasonably accurate models 
of observed maize, cassava, and sweet potato yields for each ADD and are more 
accurate when aggregated to the national level. The model formulation is robust and 
able to fit well-determined trends on accumulated growth index, despite the uncer- 
tainty associated with the supporting data, including some imprecision in the 
location of actual crop growing areas and year-to-year variations in planting times 
and growing practice. Schlenker and Lobell (2010) have noted the particular diffi- 
culties in modelling cassava that this model has appeared to overcome. 

The fitted growing seasons agree well with known practice. The fitted optimum 
temperatures also agree with generally accepted values for all five crops, with hybrid 
maize better adapted to higher temperatures than traditional local maize varieties. 
This close agreement with known values provides strong support for the adequacy of 
the fitted models in calibrating the climate dependencies of maize, cassava, and 
sweet potato yields. The formulation of the regression model has permitted an 
effective separation between site-specific effects (such as soil fertility and particular 
crop management practices) and climatic effects on relative plant growth. The site- 
specific effects are accounted for by a separate intercept for each ADD in the 
regression model, while the relative climatic effects appear to operate independently 
of different site conditions and can be effectively calibrated by a single factor across 
all ADDs. Allowing this factor to vary across the ADDs did not improve the fit of the 
model for any crop. The model formulation is similar to that employed by Lobell 
et al. (2011) but uses a specifically tuned nonlinear plant growth index instead of 
various growing season weather variables. The effectiveness of this modelling 
approach reflects the finding of Wang et al. (2017) that the form of the temperature 
response function is quite critical in the accuracy of crop simulation models. The 
functional form of the temperature indexes plotted in Fig. 7 is similar to the preferred 
functional forms described by Wang et al. (2017). 

The single parameter for the climatic effects was an important factor in the 
robustness of the regression growth models. On the other hand, allowing a separate 
site-specific intercept for each ADD was an important factor in incorporating 
different conditions modifying yields across the different ADDs. The resulting 
robust statistical model could reliably detect data outliers, as confirmed by inspection 
of the supporting data for the contributing RDPs. The robustness of the spatial 
analyses of the supporting monthly climate data has also contributed to the robust- 
ness of the fitted growth models. The net result has been well-determined 
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coefficients calibrating the dependence of the three maize varieties and cassava and 
sweet potato yields on monthly climate via appropriately accumulated GI. 

The models have simultaneously calibrated significant underlying increasing 
trends in yield over time that can be ascribed to improvements in plant breeding, 
crop management, and carbon dioxide fertilization. The fitted underlying trends of 
around 2% increase in yield per year for cassava and sweet potato may have been 
augmented by carbon dioxide fertilization. For such tubers there is around a 1596 
increase in tuber yield per 100 parts per million increase in atmospheric carbon 
dioxide concentration (Kimball 1983; Miglietta et al. 1998). In view of the pre- 
vailing rate of an increase in carbon dioxide concentration of two parts per million 
per year, this would give rise to an increase in tuber yield of around 0.3% per year 
over the analysis period. This is similar to the standard error of the fitted annual 
percentage increases in crop yleld, making it difficult to discriminate from other 
increases in crop yield. It is not clear whether the fitted underlying percentage 
increases in crop yields will be maintained indefinitely. The impacts of improved 
production and reporting methods are likely to plateau in the future. However, 
ongoing improvements due to plant breeding and carbon dioxide fertilization are 
likely to continue, and the fitted trends of around 296 per year are remarkably 
consistent with the documented increase in world average cereal yields over the 
50 years from 1961 to 2009 (Prohens 2011). It is unlikely that conventional crop 
breeding methods are able to maintain this rate of progress into the future, but 
Prohens (2011) argues that recent progress in molecular biology and genetic engi- 
neering offers great promise to further increase crop yields. Thus the fitted models 
should be able to be used, with appropriate qualifications, in assessing the impact of 
projected climate change. 


Conclusion 


This study analyzed the impact of monthly climate on the observed yields of maize, 
cassava, and sweet potato across the eight ADD crop production regions of Malawi 
via a robust yield regression model that can be viewed as a hybrid approach between 
complex process-based models and statistical modelling using selected weather 
variables. It offers progress toward the eventual dissolution of the differences 
between these approaches as suggested by Lobell and Asseng (2017). A particular 
strength of the GROWEST model used here is its incorporation of a process-based 
temperature response function that could be readily tuned to maximize model 
performance. This reflects the finding of Wang et al. (2017) that appropriate param- 
eterization of the temperature response function is critical to crop model perfor- 
mance. The tuning of the period of the effective growing season was similarly 
critical. An additional important contribution to the accuracy and robustness of the 
regressed GROWEST models is their effective separation of site-specific and cli- 
matic effects. This aspect is shared by the statistical modelling approach described 
by Lobell et al. (2011). Finally, the calibration of the model in terms of monthly, 
instead of daily, climate data offers robustness in delivering spatially distributed 


33 Maize, Cassava, and Sweet Potato Yield on Monthly Climate in Malawi 635 


climate data from limited point sources and in generating projected future climate 
data. Projecting daily precipitation data in particular is problematic with many 
approaches simply adjusting positive daily rainfall amounts but leaving daily rainfall 
occurrence structure unchanged. Such changes in daily precipitation structure can be 
subsumed within simple changes in monthly precipitation totals, although at the 
expense of losing some precision in the timing of precipitation within the month. 

The main limitation of the modelling approach described here, and many others, 
is an assumption that management practice does not change significantly from year 
to year. This can be violated in periods of extreme drought or flooding when planting 
dates can be significantly delayed or disrupted. This assumption could also be 
violated in future scenarios when there could be a systematic shift in planting 
times in response to systematic changes in seasonal climate. Changes in planting 
density due to changes in intercropping practice are also possible. There is also an 
assumption that a fixed temperature response function applies over the entire 
growing season. The differing temperature optima over different stages of maize 
growth cited by Sanchez et al. (2014) suggest that the model could be usefully 
elaborated to reflect this, although at the expense of fitting additional model param- 
eters. Despite these limitations, the GROWEST plant growth index model applied to 
spatially distributed monthly climate data has provided robust correlations between 
modelled and actual yields for all five crops examined. These correlations have 
yielded process-based parameter values that agree with known values, and the 
dependence on accumulated growth index has been fitted with enough precision 
for the models to be able to be used with reasonable confidence in projecting the 
impacts of climate change on future yields. The comparisons of the fitted tempera- 
ture index curves with observed monthly average temperatures in Fig. 7 show that 
projected increases in temperature are likely to have minimal impact on local maize 
and sweet potato yield while yields of high temperature adapted hybrid maize and 
cassava are likely to be enhanced. Such projections need to be coordinated with 
projected changes in soil moisture levels. 
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Abstract 


Livestock rearing is a popular climate change adaptation strategy among farmers 
in Matobo District, Zimbabwe. In this chapter we reveal how farmers in Matobo 
District have benefited immensely from rearing small livestock in response to 
climate change. Although the descriptor “small livestock” generically refers to 
different types of livestock, in this chapter we limit it to goat and sheep rearing. 
The purpose of the chapter is (1) to discuss the efficacy of small livestock rearing 
as a response to climate change and (2) to use smallholder farmer’s narratives to 
evaluate the success of government interventions in enhancing small livestock 
production. Utilizing an inductive approach, data was gathered through five 
(5) key informants, five (5) focus group discussions, and 50 in-depth semi- 
structured interviews. Our study reveals that small livestock are suitable and 
adaptable to climate change impacts in Matobo. We recommend that government 
and its development partners prioritize and avail funds for the increased uptake of 
small livestock rearing among smallholder farmers in Matobo District and 
beyond. 


Keywords 


Adaptation - Climate change - Small livestock - Smallholder farmers - Matobo - 
Zimbabwe 


Introduction 


Small-scale communal livestock rearing plays an essential role in sustaining liveli- 
hoods in developing countries. Livestock is central to food security, nutrition, 
organic fertilizer (manure) production, non-mechanized ploughing, and income 
generation initiatives (Nandhini and Suganthi 2018). However, as climate change 
impacts are increasingly being felt across the world, poor countries are most affected 
owing to poor adaptive capacity and budgetary constraints compared to more 
developed countries in the global North (Chaudhury 2017). Developing countries’ 
vulnerability is worsened by their strong dependence on rain-fed agriculture and free 
range pasture-fed livestock, which are susceptible to the negative effects of changing 
climate (Dube and Phiri 2013; Brazier 2015; Apraku et al. 2018a). Livestock plays 
an essential role in sustaining the fragile economies of most developing countries, 
with more than half of the rural population being sustained by livestock production 
(Kaasschieter et al. 1992; Assan and Kumar 2009; Assan 2014). Kaasschieter et al. 
(1992) note that “the largest share of the world’s livestock population is found in 
developing countries: 61% cattle, 43% sheep, 79% goats, and 57% pigs.” Of the 
stated livestock, “the production of small livestock like goats and pigs strengthens 
the capacity of communities to adapt to climate change” (Ndlovu 2010; Girum et al. 
2008). Small livestock have higher chances of surviving under climate change 
conditions like increased droughts compared to bigger livestock since they require 
smaller grazing land and less amount of water and are less affected by the depletion 
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of pastures. Assan (2014) argues that livelihoods sustainability in rural areas can be 
achieved through livestock production in the face of rapidly changing climate that 
weakens crop production especially in arid climates like Zimbabwe. It is against this 
backdrop that the International Union for Conservation of Nature and Natural 
Resources (2010) observes that rural livelihood systems in Southern Africa are 
converting from mixed crop-livestock to pure rangeland systems. Although live- 
stock production in arid agroecological regions of Zimbabwe is yet to be endorsed as 
an agricultural policy, there is increased support for the uptake of livestock rearing 
from the government's Livestock Production Department (LPD). 

Given the foregoing, the research thus examined the efficacy of small livestock 
production as a climate change adaptation strategy in Matobo District compared to 
the much traditionally desired cattle rearing. This switch is being pioneered by 
Khulasizwe which is a nongovernmental organization (NGO) operating in Matobo 
wards 3, 4, 10, and 19 with the aim of enhancing household livelihood security. 
Khulasizwe has thus far distributed goats to 380 households in the targeted wards 
(World Vision 2015). It is crucial to investigate community narratives (and experi- 
ences) about the effectiveness of this technical adaptation strategy. The study sought 
to answer the following research questions: What benefits (if any) are Matobo 
community members deriving from the switch to small livestock production? 
What has been the uptake of this strategy in the broader Matobo community over 
and above the project beneficiaries? 


The Impact of Climate Change in Zimbabwe 


There is consensus that climate change is causing more socioeconomic, health, and 
environmental harm in developing countries (Van Aelst and Holvoet 2016; Kahsay 
and Hansen 2016; Apraku et al. 2018a, b). The harm is exacerbated by the fact that 
most of the population these countries is heavily reliant on the natural environment 
for survival, both of which are highly susceptible to climatic changes. Consequently, 
climate change is negatively impacting the livelihoods of the poor as well as deep- 
ening poverty in many developing countries (Africa Partnership Forum 2008; Nyong 
2009; Phiri et al. 2014, 2019). In Zimbabwe, the adverse impacts of climate change 
are particularly felt in the rural areas where the majority of the population (67%) lives 
and mostly depend on agriculture-based livelihoods (ZIMSTAT 2013). Within the 
context of the unfolding adverse effects of climate change, vulnerable communities 
are adapting to these conditions by “rearing small drought resistant livestock such as 
goats” (Zimbabwe’s National Climate Change Response Strategy 2014). 


Climate Change and Vulnerability 
Climate-induced variability increases the vulnerability of rural livelihoods and 


reduces the ability of households to deal with risks, shocks, and stresses (Prowse 
and Scott 2008). Dulal et al. (2010) and Ndlovu et al. (2019) concur with the above 
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argument that, since households typically have limited assets, they are at increased 
risk (exposure) and their ability to cope is restricted. Cutter et al. (2000) and Dube 
et al. (2017) point out that livelihood vulnerability to climate change can be usefully 
understood as an outcome of biophysical and social factors. Firstly, biophysical 
climate change vulnerability refers to the level of exposure communities’ physical 
impacts of sea level rise, increase in sea surface, or atmospheric temperatures. 
Secondly, social vulnerability is explained as partially the product of those factors 
that shape the susceptibility of communities to harm and those that govern their 
ability to respond. It also includes “place inequalities” — those characteristics of 
communities and the built environment, such as the level of urbanization, growth 
rates, and economic vitality — that contribute to the social vulnerability of particular 
places (Cutter et al. 2000; Shah et al. 2013). 

Moss et al. (2001) add a third dimension as an external assistance, which is 
defined as “the degree to which a region may be assisted in its attempts to adapt to 
change through its allies and trading partners, diasporic communities in other 
regions, and international arrangements to provide aid.” In contrast to the United 
Nations (2004), this conceptualization of vulnerability includes factors outside the 
vulnerable system, such as characteristics of the stressor and the expected level of 
external assistance. 

Four dimensions have been identified as defining a vulnerable situation within the 
literature. The first dimension consists of human-environment system, population 
group, economic sector, geographical region, or natural system (Downing and 
Patwardhan 2004). They note that other researches limit vulnerability to social 
systems coupled with human-environment systems (Turner et al. 2003) whereas 
others apply it to any system that is potentially threatened by a hazard (Mcbean 
2012). The second dimension is the attribute of concern. Examples of attributes of 
concern include human lives and health; the existence, income, and cultural identity 
of a community; and biodiversity, carbon sequestration potential, and timber pro- 
ductivity of a forest ecosystem (Downing and Patwardhan 2004). 

The third dimension is the hazard. United Nations (2004) defines a hazard 
broadly as “a potentially damaging physical event, phenomenon or human activity 
that may cause the loss of life or injury, property damage, social and economic 
disruption or environmental degradation." Hence, a hazard is understood as some 
influence that may adversely affect a valued attribute of a system. A hazard is 
generally but not always external to the system under consideration. For instance, 
a community may also be threatened by hazardous business activities or by 
unsustainable land management practices within this community. Hazards are 
often distinguished into discrete hazards, denoted as perturbations, and continuous 
hazards, denoted as stress or stressor (Turner et al. 2003). 

Finally, the fourth dimension is the temporal reference which denotes the point in 
time or time period of interest. Specifying a temporal reference is particularly 
important when the risk to a system is expected to change significantly during the 
time horizon of a vulnerability assessment, such as for long-term assessments of 
anthropogenic climate change (Downing and Patwardhan 2004). 
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Adaptation Strategies in Zimbabwe 


Adaptation strategies need to be understood using the concept of “adaptive capac- 
ity.” Adaptive capacity has been defined as the ability or potential of a system to 
respond successfully to climate variability and change, and this includes adjustments 
in both behavior and in resources and technologies (IPCC 2007). Other scholars 
define it as the potential ofa system to adjust itself to change (Watts and Bohle 1993; 
Smit et al. 2000; Turner et al. 2003; Fussel and Klein 2006). According to Armitage 
and Plummer (2010: 6), adaptive capacity is: 


generally referred to as the capability of a social-ecological system to be robust to distur- 
bance, and to adapt to actual or anticipated changes (whether exogenous or endogenous). 
From a social systems vantage point adaptive capacity is determined by the suite of resources 
(technical, financial, social, institutional, political) held, and the social processes and struc- 
tures through which they are mediated (i.e. governance). 


From the perspective of the social sciences, adaptive capacity does not just 
explain how people cope with change but reflects an ability to learn, experiment, 
and foster innovative solutions in complex social-ecological circumstances (Cutter 
et al. 2003; Armitage and Plummer 2010). Therefore, the capacity of households and 
communities to adapt to climate change cannot be under emphasized. In response to 
the negative climate change impacts, smallholder farmers are adopting a variety of 
adaptation strategies in Zimbabwe. There is consensus that rural communities in 
Zimbabwe have not been mere passive victims of climate change but have been 
action oriented in adapting to climate variability (Gukurume 2013; Dube et al. 2018; 
Kahsay and Hansen 2016). Crop diversification, mixed crop livestock systems, 
changing planting times, and conservation farming are some of the strategies that 
have been adopted by communal farmers in Zimbabwe (Munhande et al. 2013; 
Musarurwa and Lunga 2012; Makuvaro et al. 2014). 

In addition, Mano and Nhemachena (2006) argue that climate change has 
severely reduced chances of rain-fed crop farming in arid regions of the country 
such that they suggest livestock production as the most suitable strategy that can 
drive communities out of food insecurity and poverty. Gukurume (2013) notes that 
livestock production was on the increase in Bikita and other places in dry regions, 
indicating that farmers are replacing crops with livestock production in order to 
promote livelihood sustainability. The government through its departments is also 
encouraging farmers in areas prone to increased dry spells to invest more on 
livestock, because they can withstand the harsh weather conditions induced by 
climate change. Small stock like goats, sheep, and indigenous poultry are becoming 
dominant as people try to cope with drought in areas continuously receiving little 
rainfall (Gukurume 2013). However, Munhande et al. (2013) observed that climate 
change hugely contributes to extreme temperatures, severe water scarcity, and 
reduced fodder for livestock, especially large stock leading to poor animal 
production. 
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Water harvesting techniques (WHTs) are another climate change adaptation 
strategy available to communities. Rain-water harvesting (RWH) technologies are 
a range of techniques used for collecting, storing, and conserving rainfall and surface 
runoff in arid and semiarid regions (Mutekwa and Kusangaya 2006). WHTs are more 
amenable to “small livestock” because they consume less water compared to “large 
livestock” like cattle. 

A very traditional and significant adaptation strategy that had been practiced 
particularly for rural communities is livestock herding. According to Leichenko 
and O’Brien (2002) livestock herding, including nomadic pastoralism, remains one 
of the indigenous strategies best adapted to frequent droughts in dry land areas such 
as in Namibia and Botswana. Seasonal movement of livestock, splitting up of herds, 
changing herd composition, and distributing livestock among relatives and friends in 
different areas minimize risk from droughts, floods, or diseases. Appropriation of the 
wetter areas and water sources for cultivation and fencing inhibits these crucial 
strategies, however. 


Study Site and Context 


The study was conducted in Matobo Rural District of Zimbabwe which lies in 
ecological regions IV and V characterized by low and erratic rainfall (450— 
650 mm/year) with very high temperatures. Of the 27 wards in Matobo District, 
the study wards were (Gwezha, ward 3; Marko, ward 4; Makhasa, ward 10; and 
Zamanyoni, ward 19). Climate change has worsened the already extreme weather 
patterns in the district. Drought is an example of this phenomenon that has affected 
Matobo District in a negative way. Data emerging from the interviewed farmers 
shows that the prolonged droughts have dried up natural water points such as 
streams, rivers, and swampy areas (Fig. 1). Consequently, their pastures and grazing 
lands for their livestock have been depleted. The study was conducted from March 
to September 2017. 


Materials and Methods 


The research employed a qualitative methodology which was more suitable for 
capturing community narratives and experiences about the appropriateness and 
effectiveness of small livestock production within the context of a changing climate 
in Zimbabwe. As highlighted by Turner et al. (2003), the primary strength of the 
qualitative approach to cultural assessment is the ability to probe for underlying 
values, beliefs, and assumptions. Data collection tools employed included the use of 
in-depth semi-structured interviews (50 households), 5 focus group discussions, and 
5 key informants conducted using purposive sampling in 4 selected wards of Matobo 
District of Zimbabwe. The limitations of the study are that findings on how small- 
holder farmers adapt to climate change through small livestock in Matobo District 
cannot be generalized to other districts in Zimbabwe and beyond. Success of these 
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maphill : 


Fig. 1 Map of Zimbabwe (showing Matobo District) 


technical climate change adaptation strategies is location specific. However, impor- 
tant lessons can be drawn from the narratives of the smallholder farmers in semiarid 
districts and go on to influence policy. 


Results and Discussions 
Small Livestock and Climate Change Nexus in Matobo 


Small livestock, namely, sheep and goats, are relatively more adaptive to 
negative changing climatic conditions compared to cattle. Goats are both grazers 
and browsers, while cattle are limited to the latter (Girum et al. 2008). The 
chances of survival for small livestock are higher compared to cattle in the 
context of a changing climate. Moreover, on the basis of their size, the goats 
consume less from the pastures in a specified area in comparison to cattle that 
demand more feed due to their sheer size. The amount of water drunk by goats 
and sheep is far less than that of cattle. Small livestock have a comparative risk 
aversion advantage in that respect. The suitability and appropriateness of small 
livestock in a climate change environment are premised on the aforementioned 
characteristics. 


Goat Production 
In the context of the study area, a key informant justified the rearing of small 
livestock when he explained that: 
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Even in times of drought, small stock (goats) herd will multiply because they reproduce at 
two to three times the rate of cattle. A goat may produce one to four kids in a year as opposed 
to one birth every one and a half years to two years for cattle. The farmers in Matobo can 
attest to that. It is a known fact in Matobo that goatherders fare well in comparison to cattle 
herders in general. (Key Informant 4, Khulasizwe Trust) 


Furthermore, another important statement was made in respect to small livestock 
rearing in Matobo. Key informants 1 and 3 indicated that: 


Small livestock are particularly important and useful during and after a drought or disaster 
period. It is easy for farmers who are keeping goats for instance, to sell the goats for cash, 
give goats as a gift, or slaughter for food or traditional ceremony. This is because the amount 
of money and food generated by a single goat is optimal for day to day transactions. (Key 
Informant 3, AGRITEX) 

The most popular small livestock that the farmers keep are goats. Pigs are shunned 
because of religious reasons...and generally because they need to be fed a lot which is 
highly cost ineffective and therefore not sustainable particularly for rural communities who 
are already struggling enough to meet household needs. The sheep herd is relatively small as 
well because there is too much work involved in rearing them. Sheep need special care. (Key 
informant 1, World Vision) 


Similarly, the views raised by interviewed smallholder farmers were in tandem 
with what was also raised by the key informants. 
Three of the respondents from different wards commented that: 


Small livestock are a good insurance against crop failure. When our harvest is low— we have 
an easy alternative that is of slaughtering a goat. We value our goats because they give us 
meat, milk and manure for our gardens. We also use the goat skin as a carpet and sell to 
obtain cash for petty trading. (Household Respondent 26, Marko) 

Goats are doing very well for me despite the heavy rainfalls and hot temperatures this 
year. I started with 5 goats but I now have 27 goats in less than 3 years. They multiply faster 
compared to cattle provided that they are dosed regularly. I love rearing goats because they 
do not demand stock feed like cattle. Moreover, they can even feed on groundnuts and round 
nuts leaves. Goats are basically easy to maintain in a climate change environment. (House- 
hold Respondent 33, Makhasa) 

Ido not have a lot of goats myself but I have friends who are rearing a lot of them. I know 
of one farmer who possesses over 50 goats. From my observation, these small livestock 
don’t collapse and die due to high temperatures and drought. They survive unlike cattle. 
They feed close to the homestead and can easily be watered by the owners. In times of crisis, 
goats can be exchanged for money or grains for food or feeding the community during a 
funeral wake. (Household Respondent 21, Zamanyoni) 


A key informant from AGRITEX emphasized that even those who do not have 
cattle perceive goats and sheep as a symbol of wealth. One of the commentators in a 
focus group discussion indicated that there is a lot of contempt in society for one that 
does not have any kind of livestock and few villagers are likely to attend his funeral. 
For most farmers who do not have cattle, goats are a good source of relish during 
funerals when villagers gather in the bereaved homestead. The key informant added 
that small livestock are also kept for security reasons. They are likely to cushion the 
farmers during times of drought when the harvest from their fields is very low. They 
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can be eaten or exchanged for grain or sold for cash to buy other household 
consumables during hard times. This point was also raised by interviewed small- 
holder farmers earlier in the discussion. It is clear from the above comments that 
small livestock, specifically goats, play a pivotal role as a livelihood strategy in 
Matobo District. 

The smallholder farmers are aware of the competitive advantage of rearing goats 
over cattle in their specific area of habitation. Firstly, as a source of food, goats are 
easily slaughtered to obtain meat to meet food needs at the household level or 
feeding community members in funeral wakes and traditional and cultural rituals 
like weddings. Goat milk is also a preferred source of food in selected households 
specifically for children. Secondly, goats are acknowledged to be easy to keep and 
maintain in a harsh climatic environment compared to cattle because they consume 
less food and are more drought resistant compared to cattle. Thirdly, goats are 
utilized by farmers as a medium of exchange to pay school fees, hospital bills, and 
other urgent needs of the households. Interviewed farmers unanimously indicated 
that it is easier to sell goats than cattle. 

It emerged from the sampled respondents that the Matabele goat is common in 
Matobo District because it is an indigenous breed that has been kept there since time 
immemorial. However, the key informant from AGRITEX indicated other breeds 
like the Boer goat and Kalahari red are common in areas like Gwanda and 
Beitbridge. This is so on account of farmers’ cross-breeding them due to the 
proximity and accessibility of South Africa at the Limpopo province. The Mashona 
goat is mainly confined to Mashonaland province of Zimbabwe (Table 1). 

Experts in the field of small livestock rearing concur that goats are an effective 
strategy for adapting to climate change in the study area. Their views go beyond the 
perception of interviewed farmers who are yet to fully appreciate this knowledge 
beyond merely keeping goats as a tradition. The key informant from Khulasizwe 
justified the rearing of small livestock like goats over cattle for a number of reasons. 
He noted that: 


Goats can withstand the harsh climatic changes and are not prone to collapsing like cattle. 
They feed on vegetation not used by other domestic species of animals since they are 
browsers. Goats do not easily succumb to diseases. Farmers living in marginal agricultural 
areas can keep them. Moreover, they are easy to handle and can be looked after by children 
and women. (Key Informant 4, Khulasizwe) 


Another key informant from the Department of Livestock Production and Devel- 
opment gave a lengthy response in showing the viability and effectiveness of goats’ 
production over cattle production. He narrated that: 


Goats multiply very easily and flocks expand in a relatively short time forming a major part 
of the family asset base in a harsh changing climate. Goats have an economic advantage over 
large ruminants because they are cheap to buy hence they provide an opportunity for 
vulnerable people to own them. They can quickly and easily be sold off for cash to meet 
family emergency needs like health costs, educational needs, in times of death and therefore 
are an easily disposable asset during times of poverty and calamities. With goat rearing, there 
are none or few social, religious and cultural taboos associated with keeping them in 
Zimbabwe. (Key Informant 5, DLPD) 
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Table 1 Common goat breeds in Zimbabwe 


Goat breed Characteristics 


Matabele This breed is found mostly in the southern part of the country. It is large framed 
goat animal 


Mature weight can reach up to 50 kg plus for males and between 35 and 40 kg 
females 


It is a dual-purpose breed (meat and milk production) 
Has multiple colors ranging from white through brown, mixed to black 


Can give birth to singles, twins, and triplets 


Adapted to local conditions 
Gestation period is between 145 and 154 days 
Can be mated for the first time at 18 months of age 


Mashona It is small-framed breed 

goat It is highly prolific 

Tolerant to local diseases 

Found in the northern parts of the country 

Mature weight is 30 and 35 kg for females and males, respectively 


Color ranges from white, mixed to black 


Edible and saleable proportion after dressing is 48% of the live body weight 
(equivalent to 12—14.5 kg) 

Sexual maturity is 7 months but a relatively slow growth rate. Goats are mainly 
kept for meat 


They have good potential for selection to increase productivity 


Boer goat It originates from South Africa and is well adapted to the southern parts of the 
country 


This is a large framed breed, with white body and a brown neck and head 


Adult female can grow up to 60—70 kg and males up to 70—90 kg 


It is mainly for meat production 
Very stocky body, well-muscled, strong bones 


Ears are pendulous and horns are prominent 


Very prolific breed, kidding rate of 1, 5 (three times in 2 years) 
50% twins and 7% triplets 
Valuable for meat, milk, and skin but has been promoted for its meat potential 


Saanen Originated from Switzerland or France 
goat Large size, white color with black spots on the nose, ears, and udder 


Hair coat is short; ears are erect and forward and upward 
Face is straight, slightly dished 

Good body conformation 

Source: Khulasizwe File Report (2018) 


From a technical point of view, it was evident that small livestock especially goats 
are a viable adaptation strategy to climate change effects. Key issues raised in 
support of their breeding were by virtue of their size in comparison to cattle; the 
risk of loss is small. It was suggested that for every cow one has an equivalent of six 
goats. The land size for communal farmers is small, and therefore keeping goats 
rather than cattle enables them to reach economies of scale. The eating habits of 
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goats (grazers and browsers) mean they have a more varied diet and can survive in 
drier areas. They basically can survive in any terrain that can either be hilly or flat 
terrain. In addition, it was revealed by the key informants that where water is scarce, 
goats can survive without drinking water for 2 days. However, the conscious 
decision to rear small livestock for the purpose of responding to climate change is 
yet to be understood by the smallholder farmers depending on efforts by government 
and its partners to spread that knowledge and the willingness of the respondents to 
accept that reality. 


Sheep Production 

Data gathered from the study area also revealed that 20% of the interviewed farmers 
rear sheep. However, despite their resilience to the impact of climate change, they are 
not produced en masse in Matobo District in comparison to goats and chickens. The 
reasons given by two interviewed households were that: 


Sheep easily get lost because they can hardly re-track their way back if they feed a distance 
away from home. Due to that fact, sheep demand more labour than other livestock since they 
require close attendance almost all the time. (Household Respondent 24, Gwezha) 

Keeping sheep is hard work and not ideal for these reasons. When thieves and predatory 
animals like jackals and hyenas pounce in the night, they do not make any noise. We are not 
alerted that there is impending danger the same way goats make a loud noise when disturbed. 
As a result, we have lost quite a number of sheep due to this problem. We are therefore, 
reluctant to rear them in our village. (Household Respondent 40, Zamanyoni) 


On a different note, the interviewed farmers who are rearing sheep had other 
reasons that they gave for doing so besides their adaptability to climate change. The 
reasons are purely religious beliefs. The following views confirm that: 


We keep sheep for the purpose of enterprising especially with white garment churches 
known as apostolic sects. They believe that the tail of the sheep on which they extract fat 
brings good luck. Whether that is true or not is not an issue for me. As long as I can make 
money out of them, I do not care. I am keeping 53 sheep. It's a big market for me and my 
household. (Household Respondent 3, Marko) 

Most of those households that keep sheep are superstitious. They believe that if you rear 
sheep your homestead can never be struck by lightning. Climate change has also come about 
with lightning and terrifying thunder. As a protection measure, sheep are kept to ward off 
that risk. For sure, I know no household in the village that has been struck by lightning that 
kept sheep. (Household Respondent 19, Makhasa) 


The key informants acknowledged that specific farmers in the district held such 
indigenous knowledge beliefs about sheep being said to prevent lightning and the 
supernatural powers they possess to ward off bad luck and bring good fortune. Their 
belief system primarily informs their choice of rearing sheep. The production of 
sheep for the purpose of adapting to climate change is secondary under those 
circumstances. In this instance, small livestock keeping is a tradition passed on 
through generations and is not intended as a direct response to climate change. All 
household respondents kept one form of small livestock or another. However, it 
should be noted that it 1s not attributed to responding to climate change per se but a 
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continuation of what has always been the norm in the district since time immemorial. 
The findings also show that because of the traditional inclination to goat rearing, 
farmers’ knowledge on which types of goats are reared is lacking and immaterial. 
Farmers in Matobo are not really concerned about the types of breeds that they are 
rearing; they keep whatever breed that they can access or obtain. This lack of 
knowledge on breed types has however an implication on the effectiveness of 
small livestock as adaptation options to climate change. Sustained and successful 
adaptation strategies demand a level of knowledge and understanding about live- 
stock breeds and their resilience to the adverse effects of climate change. 


Feminization of Small Livestock Rearing in Matobo 

In Matobo, rearing of sheep and goats is mostly relegated to women. While men do 
keep small livestock in Matobo, it is understood that it is a feminine exercise. On that 
basis, men play a peripheral role in small livestock rearing and would prefer to focus 
on owning cattle. It is an unwritten law that women (especially those that are 
married) may not slaughter a beast under any circumstances without prior approval 
of their husbands. This points to a strong patriarchal culture that is predominant even 
in climate change adaptation strategies. 


Constraints to Small Livestock Rearing 


Despite the fact that small livestock have a comparative advantage in adapting to 
climate change over cattle in the study area, the production is beset by subtle 
challenges that threaten its viability and effectiveness. For instance, the key infor- 
mant from the DLPD commented that: 


While goats’ production is a good option for adapting to climate change in Matobo, they 
have their own share of problems. Goats can be destructive animals only if overgrazing in 
areas occurs, resulting in reduced or loss of tree regeneration. Moreover, goats have a 
tendency to stray and eat neighbours’ crops. Therefore, goats should be herded properly. 
(Key Informant 5, DLPD) 


The respondents in the study area were more concerned about the security of their 
livestock more than anything else. Thieves and predatory animals like hyenas and 
jackals threatened the viability of their small livestock. The following comments 
were made during a focus group discussion: 


Jackals are a big problem in our village. Four jackals can chase one goat till they catch and 
kill it. Sometimes we see the jackals during the day. They are so daring these days. I recently 
lost 3 of my goats as a result of jackals. Unless, one devises a mechanism of herding them 
throughout the day- they will get eaten. I am actually better off- my neighbor lost 12 goats 
within a month. Jackals are really a menace. (Marko Focus Group Discussion, Participant 2) 

Stock theft is a common occurrence in our village. The incidences are rampant probably 
because of hunger perpetuated by what you call climate change. Crop yields are no longer 
enough to feed the communities throughout the year. Sadly, some people in the village resort 
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to stealing chickens and goats to make ends meet. I own 65 goats. I lost 13 just last year to 
thieves. It's not acceptable. (Zamanyoni Focus Group Discussion, Participant 9) 

Hyenas have cost me a great deal of my goats. They target the kid goats especially. 
Twenty-one of my goats got eaten by hyenas. We cannot even hunt them down because it is a 
criminal offence. The government is not doing anything to protect our goats from the 
menacing hyenas. (Gwezha Focus Group Discussion, Participant 5) 


The interviewed farmers also narrated that thieves are so daring in certain 
instances. It was noted that thieves can even drive goats in broad daylight when 
they have observed that they are not herded by any one. The villagers suspect that 
they sell them in nearby urban areas like Bulawayo where there is a ready meat 
market. The key informants from World Vision, Khulasizwe, AGRITEX, and DLPD 
confirmed the issues raised by farmers on losses of their small livestock as a result of 
thieves and predatory animals. As a result, some livestock security strategies have 
been developed by community members. Plate 1a, b is a new idea of goat and sheep 
kraals in Matobo District. 


Plate 1 (a and b) Goat and sheep kraals 
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The key informant from DLPD commented that they are encouraging the con- 
struction of these kraals because: 


. . they are constructed in an elevated manner to prevent hyenas and jackals from killing the 
sheep and goats. They also serve the purpose of protecting the sheep from harsh weather 
conditions like intense heat and heavy rainfall. Traditional kraals which are constructed at 
ground level were not as secure as this new model. Thus, farmers are able to protect their 
livestock from being attacked and also prevent diseases caused by exposure from the heat 
and intense precipitation. (Key Informant 5, DLPD) 


The Department of Livestock Production and Development in conjunction with 
local NGOs has been instrumental in encouraging farmers in the study area to 
construct these new kraals to preserve and protect their small livestock. 

Another very important challenge that negatively affects the interviewed farmers 
is the diseases that reduce the number of their small livestock. Diseases like liver 
fluke, round worms, aching eyes, lump skin, pulp kidney, and heart water have 
affected livestock in the study area in varying degrees. In the face of these chal- 
lenges, interviewed farmers seem to be helpless. There is little that they have done to 
treat their animals despite the few trainings received from the veterinary department. 
Farmers do not seem to understand the kind of diseases that are affecting their 
livestock. When asked about what kind of diseases affect their livestock, the farmers 
usually respond by describing what happened; they fail to state the disease that has 
led to the mortality of their livestock either in vernacular or in English. They just 
refer to them as igazi (blood), or any other terms that describe the symptoms not the 
disease. Three interviewed farmers commented that: 


Out of 35 goats, I lost all 16 in a single year through a strange disease, but could do nothing 
about it. I just watched helplessly. Some of us don’t believe that drinking stagnant water can 
affect our livestock. Our goats used to drink from the same rivers and dams which are said to 
be causing their death. We don’t understand why. We don’t have money to buy the chemicals 
to treat our animals. (Household Respondent 41, Makhasa) 

We have received training on how to identify diseases and cure them from the Veterinary 
Department. The medication for dosing and injecting our goats are both expensive and not 
accessible in Maphisa. Bulawayo is too far where we are referred to. We end up resorting to 
traditional medicines to cure our livestock. The Veterinary Department discourages us from 
doing so. But what other options do we have? (Household Respondent 27, Zamanyoni) 

Goats and sheep are affected by liver fluke and bowels due to drinking stagnant water. 
There are no signs or symptoms for these two diseases, one just discovers after the death of 
the animal. I have lost three goats because of liver fluke. (Household Respondent 
15, Gwezha) 


Over and above the lack of disease knowledge, the expensive medication from 
the veterinary department is also responsible for the high mortality rate of goats and 
sheep. The farmers are too poor to purchase the recommended medication to cure 
their animals. Consequently, they suffer heavy losses due to diseases like liver fluke, 
round worms, aching eyes, lump skin, pulp kidney, and heart water. Farmers were 
clueless on how some of those diseases could be dealt with. Moreover, there is some 
resistance on dipping goats which solves the tick problem. Farmers are used to 
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dipping cattle. They are reluctant to dip goats and sheep. That attitude allows their 
livestock to easily succumb to tick borne diseases. 

The views of the respondents concur with other studies which also show that 
communities in Africa grapple with what are called multiple stressors (Adger et al. 
2003; Osbahr et al. 2008; Drimie and Gillespie 2010). Multiple stressors (in this case 
predatory animals and thieves) are other challenges that come about or are in 
existence when communities are attempting to adapt to climate change. These 
multiple stressors complicate the ability of farmers to adapt to climate change 
smoothly. The AGRITEX official summarized the challenges faced by interviewed 
farmers when he remarked that: 


There are a number of challenges faced by the small livestock farmers ranging from diseases, 
thieves, predators and lack of finance to buy treatment for their livestock. For most of the 
constraints that they face, nothing has been done much to help them. For fear of retribution 
through current legislation, they watch as their livestock are mauled by the hyenas and 
jackals. They have not taken meaningful steps to address the diseases that affect their 
livestock. Thieves sometimes help themselves to their livestock and for those that are able 
to keep significant numbers they find themselves with a dilemma of markets to sell their 
livestock. (Key Informant 1, AGRITEX) 


He however further suggested that the attitude of farmers also needs to be worked 
on. They do not classify themselves as goat farmers. They do not keep records. 
Livestock production is something to invest time and resources on. Few are taking 
steps to exploit the huge potential that lies with small livestock production. It was 
also apparent that interviewed farmers rear goats without an awareness of the type of 
breed which they keep. For all the interviewed farmers, a goat is appreciated just 
because it is a goat, what breed it is does not matter. 


Institutional Mandate Response on Small Livestock Production 


The Livestock Veterinary Department in partnership with AGRITEX has been very 
instrumental in the study area in promoting small livestock rearing. The Livestock 
Veterinary Department offers technical support to the smallholder farmers at no 
charge to assist them to improve on small livestock production. Two household 
respondents from different wards remarked that: 


The veterinary department has been very helpful to us as farmers in our village. They 
conduct training and workshops to teach us on small livestock breeding. We have been 
taught that are goats must be dosed and well-sheltered so that they are not exposed to too 
much heat and precipitation. Our goats are now dipping although some farmers still find it 
strange to do that because we grew up knowing it is cattle that dip. They respond fast even 
when there is an outbreak of a disease that affects our chickens as well. (Household 
Respondent 34, Makhasa) 

I am one of the few farmers that have benefited from teachings facilitated by the 
Veterinary Department. I was trained at Maphisa to be a paravet for a week. Because of 
my passion in goat rearing I have over 50 goats now from the mere 14 I had before I was 
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trained. All my goats go for dipping every month. I dose them regularly. I have thus 
constructed this new kraal to prevent them from being mauled by hyenas and jackals. 
(Household Respondent 50, Zamanyoni) 


However, another research participant in the study area had a different view on 
the role of the veterinary department. He exclaimed that: 


Our Veterinary personnel are not well capacitated in our district in terms of resources to serve 
the farmers. They have lots of literature in their office but they have no transport to go around 
distributing the literature and equipping farmers as they should. They do not even have up to 
date statistics because they don’t have the means to get to where the people are. (Household 
Respondent 22, Gwezha) 


It was clear from the 67% interviewed farmers that the Livestock Veterinary 
Department is making great strides in capacitating smallholder farmers to enhance 
the production of small livestock in the study area. They acknowledged that they have 
received information through field visits on issues relating to small livestock dipping, 
dosing, climate friendly shelter, and dealing with diseases. However, 33% of the 
interviewed farmers felt that the department is limited by resource constraints from 
the central government. They argued that the technical experts from the veterinary 
rarely do field visits and that they only avail themselves during emergency situations 
such as disease outbreaks threatening small livestock. They also claimed that they 
occasionally come when they have a joint program with NGOs like World Vision. 
Given such a scenario, smallholder farmers are forced to be initiative and deal with 
some diseases using traditional medicine or fork out money to travel from their village 
to Maphisa Centre to get technical advice. There was also a concern that even if one 
travels to Maphisa, medicine is not readily available, and therefore farmers are com- 
pelled to further go to Bulawayo which is difficult due to financial constraints. 

Khulasizwe (local NGO) which used to operate in the study area from 2009 to 
2013 played a crucial role in the promotion of goat production. They mainly 
distributed three female goats per household to promote food security and create a 
market for Bulawayo butcheries where the demand for goat meat was high. The 
researcher identified two beneficiaries who had benefited from the Khulasizwe 
project. They commented that: 


Khulasizwe gave me 3 goats in 2009. They also gave me and other beneficiaries cement, 
asbestos to build shelter for goats. Khulasizwe offered a 50/50 deal where you also paid half 
prize of stock and they paid the other half. They offered vaccines. This has improved 
livestock production in Matobo. I currently own 27 goats from the original 3 I received 
from Khulasizwe. (Household Respondent 49, Makhasa) 

Goats have a huge potential of saving not only Matobo farmers but the whole nation from 
a potential disaster caused by climate change. There is therefore need for the government to 
help the small livestock farmers to go commercially and to produce for the nation. A little 
more of the government presence on the ground can make a huge difference. (Household 
Respondent 50, Makhasa) 
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Conclusions 


Farmers in the study area are agreed that goats and sheep have increased their 
adaptive potential in the face of adverse climatic condition. Unlike cattle, the 
survival rates of small livestock is high in the drought prone areas like Matobo 
District and have proved more viable and effective. Most households from the 
sample kept one form of small livestock irrespective of the knowledge on the 
breeds that they kept. The success and viability of small livestock production 
largely depend on the input of government and other stakeholders like the 
Department of Livestock Production and Development, Jairos Jiri, World Vision, 
and Khulasizwe working closely with farmers. Their contribution to farmers 
through expert training and provision of small livestock is key to successful 
adaptation. Therefore, that working relationship should be strengthened and 
maintained. 


Recommendations 


Based on the above findings, this study recommends the following: 

The government, at local and national level, can facilitate and implement adap- 
tation strategies through policies that support farmers and make resources available. 
The government has documented action plans and strategies to tackle the challenges 
of climate change through the Ministry of Environment, Water and Climate. How- 
ever, there is need for government to “walk the talk" and implement what is 
documented on paper and implement it on the ground. There is a discrepancy over 
what the government intends to do and what communities experience in their 
environment. 

There is need for government and NGOs like AGRITEX, EMA, Department of 
Livestock Production and Development, World Vision, Khulasizwe, and Jairos Jiri 
to coordinate their activities. Research participants noted overlaps in how such 
programs are implemented. Coordination among them assists in avoiding or at 
least reduces overlap of activities. Climate change adaptation strategies 1f coordi- 
nated well can help in discovering of existing gaps in need of implementation. 

Adoption of technical adaptation strategies like small livestock rearing should be 
broadened through knowledge dissemination and awareness in all wards. The 
challenge currently is that interventions target a few farmers and leave out others. 
Going forward, knowledge and training should be emphasized until communities 
fully appreciate the adaptation options suitable and appropriate for their areas. 
Raising awareness of climate change issues can be done through the local media 
and extension staff. Dissemination of climate change information from national and 
local meteorological stations to farmers through extension agents is also very 
critical. 
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‘Abstract 


This chapter discusses the barriers to climate change adaptation among pastoral- 
ists in the Rwenzori region in Western Uganda. Despite the implementation of 
adaptation programs by public and private agencies, pastoralists still have imped- 
iments to adapting to climate change. Data was collected using a household 
survey involving 269 pastoralists. The results revealed that the main barriers 
were poor access to climate change information, poor access to extension ser- 
vices, high cost of adaptation measures, poor access to credit, and insecure land 
tenure. There is need to improve capacity building of extension workers and other 
stakeholders in the dissemination of climate change information. Land tenure and 
land rights issues should be given high consideration in climate change adaptation 
policies and programs. Climate finance programs should be made more effective 
in addressing the high cost of adaptation. 


Keywords 


Barriers : Adaptation - Climate change - Pastoralists - Rwenzori - Uganda 


Introduction 


Climate change is one of the greatest threats to achieving the sustainable develop- 
ment goals related to eradicating poverty and hunger and ensuring clean water and 
life on land in Africa (IPCC 2018c). Despite the increased efforts at both national 
and international levels in the form of climate finance and programs, pastoralists still 
have barriers to adapting to climate change. Failure to adapt to climate change has 
resulted into high livestock mortality leading to a poor quality of life among pastoral 
households (IPCC 2014b). The impacts of global warming of 1.5 °C above pre- 
industrial levels are likely to lead to an increase in droughts and floods in Africa, 
especially in pastoral areas (IPCC 2018a). This could result in a failure to achieve 
sustainable development goals (IPCC 2018c). Pastoralists have adapted to climate 
change with various strategies that include livestock diversification, destocking, 
livestock migration, and engagement in nonfarm enterprises (Greenough 2018; 
IPCC 2014b). However, some pastoral households have been more vulnerable 
than others to climate change, resulting in loss of livestock (Greenough 2018). 
This implies that there are hindrances to adaptation. 

Developing countries such as those in Africa still have challenges in addressing 
the hindrances, leading to an adaptation deficit when compared to developed coun- 
tries in Europe (IPCC 2014a; Shackleton et al. 2015). These hindrances are catego- 
rized as limits and barriers. Barriers refer to impediments that can be easily 
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overcome, while limits refer to impediments that cannot be easily overcome (IPCC 
2014a). Many scholars have written about the barriers to adaptation without scruti- 
nizing their causes (Filho and Nalau 2018; Shackleton et al. 2015). Moser and 
Ekstrom (2010) argue that barriers have various causes which have to be addressed 
for successful adaptation to be achieved. The issues of concern include the context of 
the pastoral household, type of pastoral household, and the governance system of the 
natural resource. This suggests that smallholder pastoralists experience different 
barriers compared to large-scale pastoralists. Rangeland policies that promote sed- 
entary pastoralism have different barriers compared to those that promote mobile 
pastoralism (L6f 2013; Shackleton et al. 2015). These policies have strong implica- 
tions for the governance system and context of pastoralism. For example, sedentary 
policies in pastoralism have a detrimental effect on the land tenure system that does 
not promote herd mobility as a coping mechanism for droughts (Little et al. 2008). 
This then becomes a barrier. 

The barriers that have been identified include economic, biophysical, financial, 
informational, sociocultural, governmental, and institutional (Alam et al. 2018; 
Antwi-Agyei et al. 2015; IPCC 2014a; Shackleton et al. 2015). Juana et al. (2016) 
reported that barriers identified among livestock farmers in Botswana included poor 
access to improved technology; lack of land, extension workers, credit, and markets; 
and government restrictions on land use. Muller and Shackleton (2014) showed that 
the main barriers to commercial livestock farmers in semiarid East Cape in South 
Africa were poor access to finance, lack information on climate change adaptation 
and climate information, and lack of government support. This shows that there are 
barriers that are unique to livestock farmers and pastoralists. 

The “barrier to adaptations” diagnostic framework was used to analyze the 
causes of the barriers (Moser and Ekstrom 2010). This was in order to have a 
robust investigation of the causes of the barriers, leading to measures of over- 
coming them. The analysis took into account the sources of the barriers that 
include the pastoralists (actors), context (governance and economic setting), and 
socio-ecological system in the rangelands (system of concern) (Moser and 
Ekstrom 2010). The larger context refers to the level of socioeconomic develop- 
ment and the control of information flow at national and local government level 
associated with climate change adaptation. Governance refers to the laws, poli- 
cies, implementation frameworks, and resource allocation at national and local 
government levels that are associated with the socio-ecological system. The 
socio-ecological system refers to rangelands, herdsmen, and pastoral households. 
The socio-ecological system produces signals of environmental change (Moser 
and Ekstrom 2010) in terms of floods and droughts, although droughts have slow 
onset and may not be easily detected by the pastoralists. Early warning systems 
such as seasonal climate forecasts that are disseminated via mass media are not 
usually observed (Luseno et al. 2003). Pastoralists tend to use indigenous fore- 
casts in their adaptation to extreme weather events despite their reliability and 
accuracy being affected by climate change (Speranza et al. 2010). Some pasto- 
ralists use both indigenous and scientific forecasts (Lybbert et al. 2007). The 
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analysis also took into consideration the temporal dimension of the barrier 
sources, which include recent occurrence (contemporary issue) or occurrence 
over a long time (legacy issue) (Moser and Ekstrom 2012). The purpose was to 
find out when the barriers came into play. The spatial jurisdiction origin of the 
barrier in relation to pastoralists includes proximate, referring to the origin of the 
barrier being within pastoralists’ cycle of influence, and remote, referring to the 
origin of the barrier being outside the pastoralists’ cycle of influence, for example, 
government policies (Moser and Ekstrom 2010). The idea was to examine which 
barriers were within the cycle of influence of the pastoralists. 

This chapter examines the barriers to adaptation among pastoralists in the 
Rwenzori region in Western Uganda. The key question is what are barriers to 
adaptation among pastoralists? The sources and origins of the barriers are examined 
to provide strategies for overcoming them. The objective is to generate empirical 
evidence that could be used by policymakers, development partners, extension 
workers, and nongovernmental organizations to address the barriers among pasto- 
ralists to improve their adaptation to climate related risks. The chapter contributes to 
pastoral literature that relates to barriers to climate change adaptation in Africa. The 
scope of this chapter addresses barriers among pastoralists in the tropical equatorial 
region in Western Uganda and does not cover arable farmers and pastoralists in 
semiarid areas. 


Methods 
Study Area 


The study on barriers to adaptation among pastoralists was conducted in Kasese 
and Ntoroko districts found in the Rwenzori region in Western Uganda (Fig. 1). 
There are a few weather stations used to provide the climate data of the region. 
The rangelands in the study area are conducive to pastoralism and wildlife 
conservation, and wildlife protected areas (WPAs) exist in the area. WPAs include 
Queen Elisabeth National Park in Kasese district and Tooro-Semiliki Game 
Reserve in Ntoroko district (Fig. 1). As an adaptation strategy for climate change, 
pastoralists migrate to the eastern part of the Democratic Republic of Congo. 
Political instability in Eastern DR Congo tends to cause large numbers of pasto- 
ralists to migrate back to Uganda (KRC and RFPJ 2012). However, some pasto- 
ralists illegally graze in WPAs. The Uganda Wildlife Authority imposes heavy 
penalties on pastoralists who illegally graze in WPAs. The emphasis on sedentary 
pastoralism in government rangeland policies has led to a reduction in mobile 
pastoralism in Uganda (Wurzinger et al. 2006, 2009). The region has a bimodal 
rainfall distribution and experiences droughts and floods with increased frequency 
(NAPA 2007). 
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Fig. 1 Location map of study area. (Source: Michael Robert Nkuba) 


Data Collection Methods and Sample Size 


Data collection took place from August to October 2015 in the Rwenzori region. 
Household surveys gathered data on barriers to adaptations, socioeconomic charac- 
teristics, and use of indigenous forecasts (IFs) and/or scientific forecasts (SFs). 
A two-stage stratified sampling design was used (Cochran 1963), in which the strata 
were the districts and the second stage units were households. Stratified sampling 
was based on farming systems and agro-ecosystems in the Rwenzori region. Ran- 
dom sampling was used to select the respondents for the survey. The sample size was 
778 households, with a 95% confidence level and a margin of error of 3.5%, based 
on the total population of the study area (the Rwenzori region and the Kibale district) 
of 102,496 households, according to Uganda population census report 2014. How- 
ever, to allow for replacement in the sample of those who might back out of the 
study, and have good sizes for subsamples for those who use IF and SF and IF only, 
1996 of the statistically selected sample was included, giving a total study sample of 
924. This was also to ensure a good sample size for subsamples (for those who use IF 
and SF and IF only). After data cleaning, 17 questionnaires were excluded from the 
analysis due to incomplete responses. Of the remaining 907 respondents, 580 were 
arable farmers, 269 pastoralists, and 57 agro-pastoralists. For this chapter, the sample 
size is 269 from pastoral areas in Kasese and Ntoroko districts. Data was analyzed 
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using Stata 12. The scope of this chapter addresses barriers among pastoralists in the 
tropical equatorial region in Western Uganda and does not cover arable farmers and 
pastoralists in semiarid areas. 


Results and Discussion 
Socioeconomic Characteristics 


The descriptive characteristics show that respondents were mostly male (59%) 
(Table 1) with an average number of local cows produced in the previous last 
12 months being 70 per pastoral household. Pastoralists mainly used both IFs and 
SFs (59%) or IFs only (41%) in their adaptation to climate-related risks (Table 2). 
The use of indigenous forecasts has enhanced climate change adaptation and disaster 


Table 1 Socioeconomic characteristics of respondents 


Full sample 


Variable Variable definition (N = 269) 

Female Gender of the respondent (1 if female) 0.41 

Male Gender of the respondent (1 if male) 0.59 

No school Respondent had no formal school education (1 if 0.38(0.50) 
yes) 

Primary Respondent attained primary education (1 if yes) 0.47(0.50) 

Secondary education Respondent attained ordinary or advanced 0.12(0.33) 


secondary education (1 if yes) 


Farm experience 


Farming experience of the respondent in completed 
years 


27.72(13.84) 


Age Age of the respondent in completed years 44.26(13.25) 
Kasese Respondent resides in Kasese district (1 if yes) 0.17(0.38) 
Ntoroko Respondent resides in Ntoroko district (1 if yes) 0.81(0.40) 
Drought experience Respondent has had drought experience (1 if yes) 0.96(0.20) 
Flood experience Respondent has had flood experience (1 if yes) 0.82(0.39) 
Herd mobility Respondent practices herd mobility (1 if yes) 0.55(0.50) 
Livestock Respondent practices livestock diversification (1 if | 0.54(0.50) 
diversification yes) 
Livestock migration Respondent practices livestock migration (1 if yes) | 0.83(0.38) 
Selling livestock Respondent practices selling livestock (1 if yes) 0.51(0.50) 
Well construction Respondent practices well construction (1 if yes) 0.31(0.46) 
Nonfarm Respondent engages in nonfarm enterprises (1 if 0.08(0.27) 
yes) 
Owns boats Owns boats (1 if yes) 0 0.11(0 0.32) 


Owns fishnet 


Owns fishnet (1 if yes) 


0.10(0 0.30) 


Local cattle produced 
last 1 year 


Local cattle produced in the last 12 months 
(numbers) 


69.97(58.56) 


Source: Field data 2015 Figures in parentheses are standard deviations 
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Table 3 Pastoralists’ land tenure and access to land 


Full sample 


Variable Variable definition (N — 269) 
Customary Customary (1 if yes) 0.34(0.47) 
Freehold Freehold (1 if yes) 0.14 (0.35) 
Inheritance Inheritance (1 if yes) 0.40(0.49) 
Purchased Purchased (1 if yes) 0.33(0.47) 
Grabbed Grabbed (1 if yes) 0.05(0.22) 


Source: Survey data 2015 Figures in parentheses are standard deviations 


Table 4 Barriers to climate change adaptation among pastoralists 


Mean Std. Dev. 
Inadequate or no access to extension services 0.27 0.44 
Inadequate or no information on climate change 0.49 0.50 
Lack of access to credit facilities 0.18 0.38 
Insecure land tenure or property rights 0.09 0.29 
High cost of hired labor 0.15 0.36 
High cost of adaptation measures 0.26 0.44 
Labor shortages 0.08 0.27 
No barrier 0.04 0.20 


Source: Field Data 2015 


management in Africa and South America (IPCC 2018b). Climate-related risks 
experienced were floods and droughts. The majority (4796) had attained primary 
education, and 38% had no formal education. The common adaptation methods were 
livestock migration, herd mobility, livestock diversification and livestock sales. 
Enablers to adaptation included access to land through purchasing (suggesting that 
functional land markets existed) and inheritance (Table 3). Pastoralists diversified 
their livelihoods to include other natural resources such as fisheries resources, which 
were demonstrated by ownership of boats and fishnets (Table 1). 


Barriers to Climate Change Adaptation among Pastoralists 


The high cost of adaptation is a major barrier in wealthy pastoral households 
(Table 4). According to a key informant, it costs $800 to construct a private dam, 
and sinking a borehole would cost $5400 in the study area. These costs are high for 
smallholder pastoralists. The key informant also said that the government program, 
National Agricultural Advisory Services (NAADS), used to provide fence materials 
to a few model pastoralists. The NAADS program ended in 2014, and the cost of 
infrastructure development in pastoral areas is high. The fencing materials were 
provided to a few pasture demonstration farmers (Dalipagic and Elepu 2014; GoU 
2018). The government also provided tractors for pasture improvement but not water 
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for pastoralists (NAADS 2017). Climate finance should address such barriers. The 
Uganda government provided support for the construction of over 650 communal 
valley dams and 135 private dams for ranches in the rangelands (Nema 2001). Some 
of these dams dried up during droughts resulting in livestock mortality and an 
increase in herd mobility (Zziwa et al. 2012). Lack of hydrographic surveys for 
communal valley dams, poor designing of water sources without taking into account 
the rangeland dynamics and context, poor maintenance, and lack of community 
ownership were the main factors that led to the poor performance of communal 
valley dams (Mugerwa et al. 2014; Nema 2001). Community involvement in the 
management of micro-dams is higher in the Southwest and Central regions of 
Uganda (40-50%) than in the North and Northwest regions, where it is very low 
(less than 10%) (Bashar et al. 2004). 

The poor performance of valley dams has increased water scarcity in the 
rangelands, resulting in an increase of mobile pastoralism and sociopolitical conflicts 
(Nema 2007), yet the government built the water sources to promote sedentary 
pastoralism. Even in situations where there was good performance and management 
of the dams, there was land degradation of the rangelands surrounding the water 
source (Egeru et al. 2015). Individual pastoralists tend to manage their private water 
sources better than they manage communal ones. The Botswana government pro- 
vides support to livestock farmers with infrastructural development assistance, such 
as for fencing materials, and construction of boreholes to improve their adaptive 
capacity against droughts (Pauw 2013). Climate finance should support pastoral 
initiatives toward adaptation by providing fencing materials and sustainable water 
sources in communal rangelands and paddocks (Denton 2010). 

Poor access to climate change information and poor access to extension services 
were also important barriers to adaptation among pastoral households. Extension 
workers have not mainstreamed climate change information in their dissemination of 
extension messages, but emphasis has been put on livestock production 
(AfranaaK wapong and Nkonya 2015; GoU 2016; Nkonya et al. 2015). Furthermore, 
in Uganda (as elsewhere in Africa) the extension system has gone through many 
changes from a unified extension system (1981—2000) to a demand-driven extension 
under the NAADS (2001—2014), to the current single-spine extension system (2015 
to date) (Barungi et al. 2016; GoU 2016; Rwamigisa et al. 2018). The extension 
services have been tailored to sedentary but not mobile pastoralism. The demand- 
driven extension system under NAADS was relevant not to mobile pastoralists but to 
sedentary pastoralists. The extension did not serve all the pastoralists but concen- 
trated on a few, especially model farmers (AfranaaK wapong and Nkonya 2015; GoU 
2016). Furthermore, pastoralists in remote areas did not access extension services 
(AfranaaKwapong and Nkonya 2015). There were also a limited number of qualified 
service providers in rural areas, resulting in services engaging unskilled and poor 
quality providers (Feder et al. 2011; GoU 2016). Most of the service providers had 
such a narrow scope of the subject matter that they were incompetent and lacked 
capacity to handle other aspects such as plant and animal diseases (GoU 2016; 
Rwamigisa et al. 2018). There was reportedly much political interference with the 
implementation of demand-driven extension service (Joughin and Kjær 2010; 
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Rwamigisa et al. 2018). This included the use of members of the Uganda Peoples 
Defence Forces in the distribution of inputs and various presidential directives on the 
implementation of the extension services, especially during election periods 
(Rwamigisa et al. 2018). 

Poor access to credit facilities as a barrier mostly applied to small-scale sedentary 
pastoralists. Large-scale pastoralists tended to finance their livestock enterprises 
through destocking, using rural livestock markets (Bryan et al. 2013). Furthermore, 
these pastoralists diversified into fishing and other nonfarm enterprises (Nkuba and 
Sinha 2014). The large-scale pastoralists were much more involved in livestock 
migration to the DR Congo as a means of adapting to climate-related risk. During 
severe droughts, large-scale pastoralists incur losses but recover much more quickly 
than small-scale pastoralists (Little et al. 2001). According to key informants, about 
10,000 cattle were lost in the Ntoroko district during the severe drought of 2011. In 
some cases, smallholders tend to resort to agro-pastoralism in a sedentary life after 
high livestock mortality due to severe drought (Berhanu and Beyene 2015). 

Insecure land tenure or property rights (Table 4) was another barrier to climate 
change adaptation in pastoralism. The rangeland policy in Uganda supports seden- 
tary pastoralism (Byakagaba et al. 2018), while pastoralists with land enjoy dual 
grazing rights. During the rainy season, they graze their livestock in the paddocks. 
However, during pasture and water scarcity periods, such as during long dry spells 
and droughts, they graze communally. The areas that used to be grazed communally 
have been taken up by crop farmers and wealthy pastoralists who have paddocks. 
Over the years, “the commons" have therefore shrunk in the Rwenzori region, yet 
the cattle population has not decreased substantially (GoU 2006). During political 
instability in the DR Congo, the livestock population in rangelands of Ntotoko is 
much higher than its carrying capacity. The debate concerning having titled land in 
rangelands and communal grazing land in the cattle corridor continues. Dual grazing 
rights of wealthy livestock farmers who have access to large acreages have also been 
reported in Botswana as a coping mechanism during severe droughts (Perkins 1996). 

Labor shortages and the associated high cost of labor for pastoralism (Table 4) 
have been caused by the labor dynamics in the study region. Most herdsmen are 
youth, many of whom have resorted to nonfarm activities such as motorcycle hire 
services (commonly called bodaboda) in rural areas. Furthermore, there has been a 
mass migration of the youth from pastoral households to urban centers and towns in 
search of so-called greener pastures. Thus, the high demand for herdsmen in the face 
ofa diminished labor supply in rangelands has led to the high cost of labor. The labor 
of herdsmen is in high demand for such adaptation strategies as livestock migration 
to the DR Congo, herd mobility to River Semiliki, and pasture lands in the neigh- 
borhood of the protected areas. 


Sources of the Barriers 


The question that remains is whether pastoralists can overcome these barriers. As 
noted earlier, to answer this question, the sources of barriers needed to be identified 
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using the barriers to adaptations diagnostic framework. The sources were then 
analyzed using the three structural elements in the framework, namely, the actors 
(referring to pastoralists), governance (referring to policies, implementation frame- 
works, and laws that govern adaptation or hinder it), and socio-ecological system 
(life in the rangeland, sometimes referred to as system of concern) (Moser and 
Ekstrom 2010). The three structural elements were used to examine strategies of 
overcoming the barriers, as is reflected in the following discussion. 

The high cost of adaptation was due to the poor performance of valley dams, an 
insufficient number of water sources in the rangelands, policy emphasis on support 
for communal water sources at the expense of individual pastoralists, and equity 
concerns where support was only given to a few model pastoralists. This suggests 
that the sources of barriers were principally governance (institutional), technologi- 
cal, and human resource concerns. As a solution, pastoralists could be supported in 
infrastructure development such as fencing and construction of dams (in communal 
rangelands) and of boreholes in paddocks for sedentary pastoralists using climate 
finance from both national and international agencies. The recent change in exten- 
sion policy from demand-driven extension to single-spine may also help mainstream 
climate change in its implementation and take into account cost of adaptation (GoU 
2016). This implies an increase in allocation of resources related to climate change 
adaptation. The poor performance of valley dams had a bearing on the hydrological 
dynamics in rangelands, implying that the socio-ecological system was also a source 
of barrier. This can be overcome by making good use of the available expertise in 
hydrology to carry out feasibility studies before the water sources are constructed. 
Human resources in hydrology and appropriate technology for the various agro- 
ecological zones from the Ministry of Water and Environment should be utilized to 
good effect, both in monitoring and in program design of water for agricultural 
production facilities (GoU 1999). 

The source of barriers such as poor access to climate change information and poor 
access to extension services was governance (institutional concerns). From a gov- 
ernance perspective, rangeland and extension policies were not relevant to the 
context. Past extension policies, both the unified extension policy, which used the 
training and visit system, and the demand-driven policy under NAADS, did not meet 
the expected outcomes (Rwamigisa et al. 2018; World Bank 2007). This has been 
mitigated through the new extension policy based on the single-spine extension 
system, which also has mainstreamed climate change information in the extension 
messages (GoU 2016). However, the new rangeland policy is not compatible with 
the socio-ecological system (Byakagaba et al. 2018). Mobile pastoralism makes 
good use of fragile ecosystems in the rangelands under changing climate conditions 
(Bailey and Brown 2011; Weber and Horst 2011). Instead, the ultimate goal of the 
new policy is to convert hitherto mobile pastoralists into agro-pastoralists and 
sedentary farmers (Wurzinger et al. 2009). There is therefore need to lobby the 
policy-makers to take into account both mobile and sedentary pastoralism in the 
rangeland policy. There is also the problem of inadequate human resources in terms 
of extension officers to serve the entire country. Only 35% of the technical positions 
in local governments had been filled in 2016 (GoU 2016). This can be overcome 
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through increased supply and recruitment of qualified labor from tertiary agricultural 
institutions in the country, such as Makerere University and Bukalasa Agricultural 
College. Provision of incentives to extension staff is also critical to achieving 
sustainable outcomes. 

Poor access to credit facilities is an actor-centric barrier. This can be overcome 
with pastoralists joining savings and credit organizations dedicated to pastoralists 
(Mpiira et al. 2014), probably supported by climate finance arrangements. 

Insecure land tenure or property rights are governance-related barriers arising 
from concern related to the contradictory rangelands and land-use policies. The land 
policy promotes mobile pastoralism (GoU 2013) while land-use and rangeland 
policies discourage mobile pastoralism (GoU 2006); hence there is lack of policy 
coherence. This is another reason to lobby for change in the land-use and rangeland 
policies to take into account mobile pastoralism concerns. 

The high cost of labor and labor shortages are governance-related and actor- 
centric barriers. From the governance perspective, there is a need for government 
policies that attract youth in rural areas of rangelands. The Ugandan government has 
passed a minimum wage law, but it is unclear how effective it will be in rangelands. 
From the actor perspective, pastoralists need to increase the amount of wages paid to 
herdsmen to attract more youth in the socio-ecological system. 


Origins of the Barriers 


The origins of the barriers were investigated using temporal and spatial analysis 
(Table 5). 

Lack of credit is a contemporary and proximate barrier, implying that it is within 
the cycle of influence of pastoralists and a more recent barrier that can be overcome. 
Wealthy pastoralists finance their enterprises from destocking using rural livestock 
markets. Destocking is also a climate change adaptation strategy. Thus, poor access 
to credit mostly applies to the poor sedentary pastoralists. There has been prevalence 
of savings and credit organizations (SACOs) in rural areas even among pastoralists 
(Mpiira et al. 2014). 

The high cost of hired labor is a contemporary and legacy barrier, implying it 1s 
within the cycle of influence of pastoralists and has been in play over a long time. 
The rural-urban migration of youth in the socio-ecological system has led to an 


Table 5 Opportunities for influence and intervention to overcome the barriers 


Temporal 
Spatial Contemporary Legacy 
Jurisdictional |Proximate | Lack of access to credit High cost of hired labor 
Remote Insecure land tenure, high Inadequate or no access to 
cost of adaptation extension services 


Inadequate or no information on 
climate, labor shortages 


Source survey data 2015. Adapted from Moser and Ekstrom (2010) 
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increase in the cost of labor. The youth nowadays prefer to engage in nonfarm 
activities such as the motorcycle hire business (popularly known locally as 
bodaboda), and move to urban centers. The promotion and implementation of 
universal primary education (UPE) even in pastoral areas has improved the skills 
of youth and provided opportunities outside the rangelands (Appleton 2001). Before 
the implementation of UPE, the cost of labor was very low as the supply of labor was 
high because many youth did not go to school. This barrier can be overcome by 
encouraging pastoralists to destock and by enabling them to obtain credit to finance 
their labor needs. 

Insecure land tenure or property rights and the high cost of adaptation are 
contemporary and remote barriers, implying that they are a recent occurrence 
but outside the cycle of influence among the pastoralists due to change in 
government policies. Mobile pastoralism was commonly practiced in the cattle 
corridor in Uganda. The increase in human and livestock populations and 
conflicts among pastoralists and with pastoralists in the neighboring arable 
farming communities resulted in a change of government support, from mobile 
pastoralism to sedentary pastoralism. The change in rangeland land policy from 
mobile pastoralism to sedentary pastoralism is a result of armed conflict between 
arable farmers (from Teso) and pastoralists (the Karamanjong) in northeastern 
parts of Uganda. Before 1980, mobile pastoralism thrived in Uganda, until the 
Karamanjong got access to arms, which led to armed conflict in the rangelands 
(USAID 2011). The change in the land policy and act, with an emphasis on 
titling land, resulted in the shrinking of the commons in the rangelands, in turn 
resulting in an increase in insecure land tenure among the commoners (GoU 
2013). This barrier could be mitigated through amending the land policy to 
provide for common grazing lands in land policy in the rangelands and to avoid 
titling every piece of land in Uganda. This debate has been ongoing among the 
various nonstate actors since the enactment of the land act in 2004 (Byakagaba 
et al. 2018). Blanket policy recommendations did not take into account the local 
setting in different parts of the cattle corridor. 

The high cost of adaptation can be overcome through an increase in climate 
finance to include support to more pastoralists who are not model farmers, as is the 
cutrent practice under the NAADS implementation framework. There has been a 
change in the national extension policy from the demand-driven to the single-spine 
NAADS, which is more inclusive and has taken into account equity concerns (GoU 
2016). 

Poor access to extension services and climate change information and labor 
shortages are legacy and remote barriers, implying that they lie outside the cycle 
of influence of pastoralists and have been in existence over a long period of time. 
Extension services should have provided the climate change information to the 
pastoralists, but the ineffective demand-driven extension policy had detrimental 
outcomes on both. This has fortunately been mitigated through the change in 
extension policy from the demand-driven to single-spine model (GoU 2016). The 
new policy promotes mainstreaming climate change information and providing 
services to all pastoralists. 
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Labor shortages are due to the failure of a minimum wage law and effective rural 
development strategies to address the rural—urban migration in Uganda. As observed 
earlier, educated youth will no longer work for very low incomes as herdsmen in 
pastoral areas. Recently government passed a minimum wage law whose outcomes 
are yet to be evaluated in rangelands. It is hoped that this will serve to retain youth in 
rangelands and promote urban-rural migration among the youth that have already 
left for urban areas. There is need for government to implement effective rural 
development strategies that would make rural areas more attractive to the youth. 
So far, strategies such as the Plan for Modernisation of Agriculture have not been 
effective in reversing the rural-urban migration of the youth. 

It is noteworthy that the remote barriers are due to national policies such as 
extension and land policies that were heavily influenced by donors such the 
World Bank (Deininger 2003; Deinlnger and Binswanger 1999; Rwamigisa et 
al. 2018). Local ownership, support to home-grown initiatives, and bottom-up 
approaches to climate change adaptation would enhance and facilitate the 
development of the adaptive capacity of pastoralists against these barriers 
(World Bank 2007) . 


Enablers of Adaptation in Uganda 


Alongside barriers to climate change adaptation, studies have also identified adap- 
tation enablers (Azhoni et al. 2018), such as human resource, institutional, gover- 
nance, and economic enablers (Moser and Ekstrom 2012). In Uganda, climate 
change adaptation enablers include the following: 


* Human resources, such as extension staff and climate change adaptation 
researchers, pastoralists with indigenous knowledge of climate change adaptation 
and forecasts. 

* Institutions, such as climate change units and climate change policy, research 
centers for agricultural innovations, the Uganda National Meteorological 
Authority that provides early warning information and seasonal climate fore- 
casts, mass media that disseminates climate and climate change information 
(GoU 2015). 

* Economic, such as national and local government resource allocations to climate 
change adaptation initiatives, donor support from Denmark, the United States, 
Ireland, the United Kingdom, Belgium, Norway, the World Bank, the United 
Nations Development Programme, support for climate-smart agriculture from the 
Food and Agricultural Organisation of the United Nations, nonstate actors such as 
nongovernment organizations implementing climate change adaptation initiatives 
at local government level such as Oxfam, World Vision, Care, Volunteer Effort for 
Development Concerns (GoU 2015). 

* Political will both at national and local government levels and parliamentary fora 
on climate change. The government provides mechanisms for flexible and nego- 
tiated cross-border access to pastoral resources under the land policy, such as 
access to rangelands in Eastern DR Congo (GoU 2013). 
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Conclusion 


The study has established that the barriers to pastoralism are mainly actor-centric and 
governance concerns. The main barriers were poor access to climate change infor- 
mation, poor access to extension services, high cost of adaptation measures, poor 
access to credit, and insecure land tenure. Some of the policies under which 
pastoralism is practiced hinder adaptation to climate change. A change in the policies 
will enhance adaptation; for example, the recent change from the unified extension 
system and demand-driven extension system to the single-spine system will help in 
overcoming poor access to extension services and climate change information. 
Climate finance programs should be made more effective in addressing the high 
cost of adaptation. Enhancing social capital can help in overcoming poor access to 
credit. A change in land-use and rangeland policies will help in mitigating insecure 
land tenure. Coherence of land, land-use, extension, and rangeland policies will 
enhance pastoral adaptive capacity. It is noteworthy that there are several enablers 
for climate change adaptation in Uganda, which could be exploited to good effect. 

The key lessons learned are that policies associated with climate change adapta- 
tion either hinder or enhance the adaptive capacity of pastoral households. Enhanc- 
ing social capital such as pastoralists’ savings and credit groups facilitates access to 
credit, which improves the capacity to overcome some barriers. Climate finance 
should be administered in an equitable manner to improve the adaptive capacity for 
both wealthy and poor households in rural areas. 

Future prospects for overcoming barriers in developing countries lie in the identi- 
fication of the origins and sources of the barriers for effective policy interventions. 
Policy coherence in climate change adaptation implementation is critical to achieving 
sustainable development goals, especially Goals 13 and 15, which address the problems 
of climate change and terrestrial ecosystems, respectively. Mainstreaming climate 
change in, and effective implementation of, rural development policies will improve 
the ability of pastoralists to overcome the barriers to climate change adaptation. 
Rangeland policies should promote both mobile and sedentary pastoralism. 
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Abstract 


This study identifies the need for holistic understanding of gender-differentiated 
climate-smart agriculture (CSA) adoption by smallholder farmers who are at the 
frontline of climate-related hazards and disasters in Africa. CSA adoption is 
predominantly informed by a parochial linear approach to farmers’ 
decision-making processes. Resilience-building and adaptation, which forms 
the second pillar of CSA and can enhance understanding of the CSA adoption 
nuances at farmer level, often receives less attention in adoption investigations. 
To appreciate CSA adoption from a resilience perspective, this study focused on 
resilience-building based on the interlinkage between CSA and disaster risk 
reduction and applied a resilience perspective in a gendered approach to CSA 
adoption by smallholder farmers. Through primary data collected in an explor- 
atory sequential mixed method design, the study presents a proposed normative 
gender-sensitive CSA adoption framework to guide CSA implementation strate- 
gies and policies. The framework is anchored in resilience thinking, and some of 
its key components include gender-sensitive CSA technology development, risk- 
informed decision-making by heterogeneous smallholder farmers, gender-sensi- 
tive enabling factors, resilience strategies, gender equitable and equal ownership, 
and control of and access to resilience capitals. The proposed framework can be 
used to improve CSA adoption by smallholder farmers by addressing gendered 
vulnerability and inequality that influence low adoption. 


Keywords 


Climate-smart agriculture * Disaster risk reduction - Gender - Adoption : 
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Introduction 


Climate change threatens the achievement of sustainable development, undeniably 
presenting complex developmental challenges in less developed regions. The impe- 
tus is to find solutions to the dilemmas that disasters related to climate change 
present, especially in regions such as Southern Africa, which are categorized as 
climate change hotspots (Miiller et al. 2014). In recent agricultural seasons, Southern 
Africa has faced devastating and unprecedented climate change-related disasters, 
often resulting in Member States declaring a state of disaster. Some climate-related 
disasters affect only one country, such as the floods in Malawi in the 2014-2015 
agricultural season that caused the country to declare a state of disaster due to floods 
(Murray et al. 2016). Others transcend national boundaries, for example, the El 
Nifio-Southern Oscillation-induced drought of 2015-2016 that caused Eswatini, 
Lesotho, Malawi, Namibia, and Zimbabwe to declare state of drought emergency 
(Nhamo et al. 2019). Other examples include the fall armyworm Spodoptera 
frugiperda infestation of 2017-2018 and cyclones Idai and Kenneth in the 
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2018—2019 season. The result of these disasters is that the food security, poverty 
alleviation, and sustainable development ambitions of individual countries and the 
affected regions are hampered (Lipper et al. 2018). One of the chief concerns is the 
effect of climate-related disasters on smallholder farming, which in most developing 
countries is estimated to constitute at least 7096 of the population, with the agricul- 
ture sector contributing at least a third of gross domestic product (Diao et al. 2010). 

Consequently, current development discourse in Africa is concerned with explor- 
ing resilience-building strategies for smallholder farming households so that they 
may become resilient in the face of climate-related disasters (Speranza et al. 2014; 
Lipper et al. 2018). With each climate-related disaster, there is a growing need to 
change from conventional agricultural farming toward new, unfamiliar, and uncom- 
mon farming technologies perceived to contribute toward resilience-building. It is 
for this reason that climate-smart agriculture (CSA) has gained prominence as a 
possible panacea to the developmental challenges presented by climate change, 
specifically in relation to smallholder farming in Africa (Arslan et al. 2018). CSA 
recognizes that climate change amplifies developmental challenges, hence its con- 
ceptualization based on three pillars, viz., (1) improved food and agricultural 
productivity, (2) resilience-building and adaptation, and (3) mitigation through the 
reduction of greenhouse gas emissions from agricultural activities (Asfaw et al. 
2015; Chandra et al. 20172). CSA is a livelihood-oriented integration of the triple 
wins of sustainable intensification, resilience-building, and climate mitigation (Tay- 
lor 2018). The adoption of CSA technologies and strategies provides one option for 
resilience-building. Consequently, there is growing focus on adoption of CSA 
technologies by smallholder farmers (Kpadonou et al. 2017; Nyasimi et al. 2017), 
although there are still some shortcomings in the understanding of CSA adoption. 
This chapter seeks to offer an in-depth understanding of the tensions between gender 
inequality and CSA adoption and of the existing limitations to resilience-building 
through CSA. The research departed from a resilience perspective applied on the 
CSA pillar that seeks to build resilience and promote the adaptation of smallholder 
farmers. It was conducted in two regions sharing almost similar disaster profiles, 
namely, Malawi and Zambia. 

Findings show that low CSA adoption can be attributed to gender disparities in 
ownership of resilience capitals, inadequate provision for equal participation of 
smallholder farmers in CSA technology development, a lack of diverse CSA options 
that farmers could adopt, and the failure to sustain household food security, income 
generation, and improved quality of life through CSA. This chapter accentuates that 
increasing climate risk compels an exploration of measures to address these short- 
comings of CSA. Furthermore, the paper emphasizes heightened need to pursue 
alternative gender-sensitive pathways that may help address gender disparities. Such 
disparities in smallholder farming societies continue to be a barrier not only to CSA 
adoption but also to resilience-building in the face of climate change. In pursuit of 
alternative approaches to addressing barriers to CSA adoption and increasing its 
uptake by smallholder farmers, this chapter presents a normative gender-sensitive 
CSA adoption framework that can be adapted and used in developing regions, 
ultimately contributing to resilience-building. 
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Criticism Directed at CSA 


The conceptualization of CSA envisions that humanity could address some of its 
developmental challenges, such as the negative effects of climate change, population 
growth, and the corresponding increases in food demand, poverty, and sustainable 
development (Williams et al. 2015). Unfortunately, despite its positive attributes, 
CSA has also been met with some skepticism that cannot be ignored in a gendered 
approach to CSA adoption. The main criticism is insufficient consideration of power 
relations and inequalities (Chandra et al. 2017b). While Taylor (2018) considers 
power disparities at a global level between countries of the North and the South, this 
study considers these aspects at a farmer level. Further dissentions over CSA 
emanate from its failure to promote participation of local communities, with tech- 
nologies and research dominantly unidirectional and top-down (Chandra et al. 
2017a). Other scholars caution that when CSA fails to pay attention to social issues, 
its implementation may actually magnify preexisting social imbalances such as 
gender inequality (Murray et al. 2016; Collins 2017). When considered within the 
context of the pivotal role women play in smallholder farming, current CSA 
scholarship has insufficiencies when it comes to the appreciation of the gender 
dimensions in the CSA adoption decision-making process. Yet, for many African 
societies, the gender composition in the smallholder farming sector validates the 
relevance of gender as an investigative element. 

Previous work by Khoza et al. (2019) shows that underlying gender inequality, 
patriarchy, and other social imbalances manifest as gender-differentiated, sociocultural, 
sociopsychological, and gendered vulnerability drivers that shape decisions on whether 
to adopt, dis-adopt, or not adopt CSA technologies. This emanates from a focus on 
CSA as solving the dilemma of climate change through technical fixes to increase food 
production. The provision of technological solutions for resilience requires consider- 
ation of their social implications, the absence of which has resulted in growing concern 
over the observed adoption paradox. Failure to address the underlying gender inequal- 
ities and vulnerabilities may have ramifications for resilience-building for smallholder 
farmers. Additionally, an existing understanding of CSA adoption is framed within a 
simplistic linear approach, which is insufficient when gender and resilience-building 
dimensions are brought into consideration. Thus, this study was conducted with the 
aim to explore the application of a resilience perspective to CSA to address the 
underlying gender inequality and gendered vulnerability in order to improve CSA 
adoption by diverse men and women smallholder farmers. 

The shortcomings of CSA have also been linked to the issue of a conceptual 
misnomer, arising from a general conceptualization of CSA that includes policies, 
technologies, and practices at farmer, landscape, and ecosystem levels (Lipper et al. 
2014). While some literature labels CSA as an already compromised concept 
pushing a hegemonic agenda for the developed countries (Taylor 2018), the concept 
has the potential to address some of the challenges African societies face with 
climate change. Having considered the concerns, this study situates CSA adoption 
assessment at a farmer level and with a deliberate focus on technologies and 
practices that farmers have to adopt. Some scholars highlight the need for alternative 
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frameworks to address the shortcomings of CSA (Taylor 2018; Glover et al. 2019). 
This gives currency to the application of resilience thinking in CSA adoption, and a 
reconnaissance of CSA that leverages on its relationship with disaster risk reduction 
(DRR) can help address some of the highlighted shortcomings. 


The Concept of CSA in a DRR Context 


The second pillar of CSA is “resilience-building and adaptation,” which underpins 
the interconnectedness of CSA and DRR (FAO 2013). This relationship paves the 
way for the application of a DRR lens to CSA in order to explore opportunities for 
improving CSA adoption by smallholder farmers. The climate-related risks and 
disasters affecting smallholder farming as already outlined in the introduction of 
this chapter give credence to such an approach. Moreover, at a farmer level, the 
demarcations between adaptation, resilience-building, and DRR are indistinct, as 
farmers are more concerned with surviving each disaster event. 

A DRR approach to CSA draws attention to issues of vulnerability reduction, while 
CSA implementation in smallholder farming provides a vehicle to deliver both risk 
reduction and adaptation simultaneously (FAO 2013). A DRR approach to CSA could 
help resolve some of the shortcomings of CSA as highlighted in the preceding section. 
Greater strides have been made in DRR than in CSA, for example, in terms of the 
appreciation of resilience-building, indigenous knowledge systems, and the application 
of socio-ecological system concept to understand resilience-building and community- 
based participation (FAO 2013; Coetzee et al. 2016). Therefore, CSA could draw from 
progress made in DRR this far as a way of resolving the adoption challenges. 
Unfortunately, there has been minimal scholarly interrogation of CSA from a DRR 
perspective. Yet, at a time when increased climate risk threatens to wipe out the 
development gains made in agriculture so far, such a consolidated approach could 
better cross-examine CSA adoption. Furthermore, the relationship of DRR and resil- 
ience provides basis to interrogate CSA adoption from a disaster resilience perspective. 

Disaster resilience is framed as an ability, where a system and its units are able to 
anticipate, absorb, accommodate, and recover from a disturbance by bouncing back 
or bouncing forward timeously and efficiently (Manyena et al. 2011). The system 
and its units may have the ability to change without loss of basic structure and 
functions, or self-organize, attaining incremental capacity to learn, adapt, and change 
through absorptive, adaptive, or transformative capacities (Béné et al. 2016). When 
smallholder farmers make decisions to adopt CSA technologies and practices, that is 
essentially indicative of their aspirations to be resilient to climate vagaries. Resil- 
ience of a system or its units, which in this study were individual farming households 
in a farming system, is better appreciated by considering resilience principles. This 
includes maintenance of redundancy and diversity, management of intra-system 
connectivity, feedbacks, promotion of social learning, participation and inclusion, 
embracing polycentricity, and understanding that agricultural systems are complex 
adaptive systems (Carpenter et al. 2012; Coetzee et al. 2016). Therefore, in assessing 
CSA adoption challenges from a resilience perspective, we argue that these 
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resilience principles can be applied to assess barriers to CSA adoption and may help 
identify required improvements to build the resilience of farming households and 
communities. 

Absorptive resilience is when households are able to contend with the negative 
effects of climate disasters through persistent coping and resistance, without any 
distinct changes to function or structure (Bennett et al. 2014), for example, when 
households cope with a drought through humanitarian interventions such as food aid 
distribution. Adaptive resilience is when the agricultural system or its units have the 
ability to learn from acquired or experiential knowledge and to make adjustments in 
response to disasters (Walker et al. 2004). In adaptive resilience, the aim is to make 
adjustments for continued functioning within a household or system. Transformative 
resilience refers to the capacity for change in structure and function of the system or 
households owing to disturbance. Transformation is more concerned with changes 
made in behaviors, cultural ethos, stereotypes, institutions, and policy direction 
(Walker et al. 2004). Thus, transformation depends on interrogation of the status 
quo and advocating for pragmatic changes in structure or function to be instituted. 
Adaptation and transformation are long-term and essential dimensions of resilience 
from a development standpoint. It is important to bear in mind that the three 
dimensions should not be pursued separately in linear fashion. It is important to 
harness the existing synergies among them (Béné et al. 2016). 

Accordingly, for the majority at-risk rural smallholder farmers, CSA offers a 
pragmatic relevant conduit to pursue resilience. The assorted CSA options (see 
Table 1) contribute or have the potential to contribute to the three resilience dimen- 
sions, so it is worth mentioning that CSA implementation and policies should not 
elevate any one dimension and subordinate the others. Rather, in building on the 
synergistic relationships of absorption, adaptation, and transformation, CSA can 
help smallholder farmers and their systems become resilient. 

In the context of smallholder farming in developing regions where CSA is 
promoted, it is key to recognize the heterogeneity of the farmers (Khoza et al. 2019). 

The diversity among smallholder farmers draws attention to existing inequalities 
that relate to vulnerability and shape power, agency, ownership and control of 
resources, decision-making, and participation within farming systems (Ensor et al. 
2018). This magnifies the need for resilience-building in CSA to pay attention to the 
skewed landscape within which CSA adoption decisions have to be made by 
different farmers. Ultimately, this mandates that over and above absorptive and 
adaptive resilience, transformation is required in CSA. This compels the interroga- 
tion of existing social imbalances that determine whether a smallholder farmer will 
adopt, dis-adopt, or not adopt CSA. 


Methodology 
An exploratory sequential mixed method design (Teddlie and Tashakkori 2009) was 


applied in Chikwawa, Malawi, and Gwembe, Zambia, to gather empirical data at a 
local level where smallholder farmers interface with climate-related disasters and 
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Table 1 Climate-smart agriculture options 


CSA options Examples 
Crop management Intercropping 
Crop rotation 


Crop diversification 


Improved seed varieties 


Value chains and marketing 


Improved postharvest storage 


Agro-processing 


Livestock management Fodder crops 
Feedlots 
Improved breed 


Rotational grazing 


Grassland restoration and conservation 


Soil and water management Basin/mechanized conservation farming 


Solar-powered irrigation 


Rehabilitation of degraded landscapes 


Agroforestry Woodlots 
Fruit trees 


Nitrogen-fixing trees 


Multipurpose trees 


Integrated food-energy systems Biogas stoves 

Energy-saving stoves 
Infrastructure Roads 

Housing 

Mobile network 
Access to climate information ICT platforms/information hubs 
Fisheries Aquaculture 

Capture fisheries 
Adapted from FAO (2013) 


where resilience-building is essential. The study was conducted between 2017 and 
2019, with data collection in February and March 2018. The initial phase entailed 
qualitative data collection through semi-structured face-to-face interviews from 
purposively selected key informants at district level and focus group discussions 
(FGDs) at ward level. A total of 16 interviews and 6 FGDs were conducted (3 in each 
country: men only, women only, and mixed men and women). Thematic qualitative 
data analysis informed the design of an instrument used in quantitative 
cross-sectional data collection. In the quantitative cross-sectional survey, a total of 
102 smallholder farmers were interviewed, 51 from each study site. The cross- 
sectional survey served to explore the generalizability of the themes established 
from the qualitative findings. In order to capture the perspectives and contexts of the 
gender dimensions in CSA adoption, the study placed emphasis on qualitative 
findings. This is in line with the methodological provisions of a mixed method 
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research design (Teddlie and Tashakkori 2009). The quantitative data was analyzed 
with SPSS version 26 for descriptive statistics that established the distribution and 
trends. 


Findings 
Ownership of Land 


The findings revealed that in Chikwawa, the average land owned by men household 
heads was 1.4 ha, while for women, it was 0.7 ha. In Gwembe, 40% of women- 
headed households who indicated they rented land did so for CSA purposes. While 
men household heads generally rented land in addition to what they owned, the 
women rented land because they were landless. Land ownership by women in Africa 
is a contentious issue (Doss et al. 2015), and these findings call for renewed effort to 
address the issue. Land ownership influences the adoption of agricultural technolo- 
gies and practices; therefore, if CSA is to contribute to resilience-building, there is a 
need for equal distribution of land as a starting point toward equitable resilience 
(Matin et al. 2018). 


Participation in CSA Technology Development 


The qualitative findings established that CSA technology development occurred in a 
top-down manner, with smallholder farmers not engaged in technology development 
as they are generally considered as recipients “who receive your technology you 
have developed for them” (NGO respondent, Chikwawa). In both study sites, field 
days and demonstration plots were identified as opportunities for farmer participa- 
tion in technology development. However, respondents acknowledged that even 
these events were top-down as they mainly showcased technologies that had been 
developed for the farmer, and technologies developed with the farmers’ involvement 
were rare, if any. Currently, no mixed approach to CSA technology development that 
comprises technologies developed for and with the farmers is being considered. This 
may be due to the perception that farmers are technology recipients, as reflected by 
some interviewees: “they cannot contribute anything in technology development... 
what do farmers know that they can contribute in CSA?” (Government Department 
Respondent, Gwembe). 

These sentiments were corroborated by quantitative findings that established that 
there was minimal participation among farmers in technology development 
irrespective of gender. In Chikwawa, 25% of the households, with over 70% of 
these being male household heads, stated that they had been involved in meetings 
when conservation farming and irrigation schemes were first brought to their 
communities. In Gwembe, 11% of the farmers acknowledged participation in similar 
meetings. At both study sites, those who participated in meetings went on to become 
adopters as they benefited from the respective CSA projects. 
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However, this is insufficient as participation should also include problem identi- 
fication, evaluation of options, and eventual selection of technologies that farmers 
know will address their problems. This would leave room for the consideration of 
indigenous knowledge systems, which can also be considered as alternatives to solve 
the problems farmers face. For example, in Chikwawa, farmers shared how they 
used a fish broth to control the fall armyworm before pesticides were available. 
Scientific research could be incorporated to explore how indigenous knowledge can 
be harnessed in CSA. 


CSA Options Available for Farmers 


The qualitative findings established that conservation farming was the major form of 
CSA that farmers have adopted, and confirmation from quantitative. findings 
revealed that 10096 of farmers practicing CSA at both sites stated that they used 
improved seed varieties (ISVs) and soil moisture conservation techniques. At both 
study sites, less than 4096 of sampled households were engaged in more than one 
form of CSA. In Chikwawa, other forms of CSA included small-scale irrigation 
schemes, while in Gwembe, a new aquaculture project was at inception stage at the 
time of data collection. In Gwembe, less than 20% of interviewed farmers had also 
been previously involved in improved livestock breed projects. However, the qual- 
itative findings showed that there were concerns that conservation farming alone was 
insufficient in addressing farmers’ needs as explained by practitioners: 


...We know that crop production is always vulnerable, we also need to bring in livestock for 
the farmers, to help them when crops fail. . especially goats which they can sell when crops 
fail. (Respondent from Government Department, Chikwawa) 


The quantitative findings showed that livestock ownership differed between male 
and female heads of households. At both sites, married men owned the most cattle, 
with average cattle ownership in Chikwawa being two heads, while in Gwembe, it 
was eight. More female household heads owned cattle in Gwembe than in 
Chikwawa, 1696 and 796, respectively. When these trends are viewed from an 
intersectionality perspective, intersection of gender with education and wealth status 
can be noted as the women who owned cattle in Gwembe were predominantly retired 
professionals who were categorized as better-off in the community wealth rankings. 


CSA Goals for Farmers 


In Chikwawa, qualitative findings established that the intended CSA outcomes of 
improved agricultural productivity and resilience-building were not being achieved 
by means of the CSA options available to farmers. Evidence of these shortcomings 
of CSA was linked to humanitarian food assistance. Qualitative findings indicated 
that there was no major difference in terms of food security between CSA farmers 
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and those who were not involved in any form of CSA because “we see it when it 
comes to food aid, they all need assistance because they will be all food insecure” 
(Respondent from Government Department, Chikwawa). More concerning were 
sentiments from non-adopters who indicated a lack of motivation to adopt available 
CSA options because “we are all the same, CSA does not make them any better than 
us” (Discussants in mixed gender FGD, Chikwawa). These findings were confirmed 
by the quantitative survey where 100% of farmers who adopted conservation 
farming also reiterated that they benefited from food aid each year because of low 
crop yields. Farmers using ISVs raised concerns about their susceptibility to the fall 
armyworm, claiming that their traditional open-pollinated varieties (OPVs) were 
better resistant. 

In Gwembe, a different scenario emerged when assessing whether CSA options 
were able to contribute to food security and resilience-building. Qualitative findings 
established that while yields increased through conservation farming, there were 
postharvest crop losses as farmers could not sell their surplus anywhere. Quantitative 
findings confirmed these sentiments as 100% of the farmers who were practicing 
conservation farming techniques were utilizing less than half of their arable land for 
CSA to “avoid high yields that they would still lose through spoilage,” as farmers 
concurred during household survey in Gwembe. 


Discussion 
Gender-Equitable Resilience in CSA Adoption 


The findings presented in this chapter show that men and women farmers may not be 
realizing benefits of the CSA activities they are involved in. Findings further show 
that currently, CSA is not contributing toward the resilience of farmers as they are 
still prone to food insecurity, often relying on food aid to see them through to the 
next season. This creates a dependency syndrome and demotivation farmers in CSA 
adoption. Moreover, dominance of conservation farming leaves farmers vulnerable 
to climate hazards that have a negative effect on crop production. Findings illumi- 
nate the insufficiencies of current CSA and gaps that continue to hinder CSA 
adoption, especially among women farmers. This chapter accentuates that a resil- 
ience framing of CSA leaves room for broader consideration of the decision-making 
context within which smallholder farmers live. On that basis, a normative gender- 
sensitive CSA adoption model (Fig. 1) is proposed. 

The aim of the framework is to provide a normative approach to improve CSA 
adoption, especially by diverse women smallholder farmers in developing regions, 
considering their central role in farming activities. The framework is conceptualized 
from a resilience viewpoint, enabling a more holistic approach to the issues that may 
enhance decision-making by different groups of farmers, especially diverse women 
smallholder farmers. There is a need for gender transformation at various CSA 
implementation levels, starting at household level up to national and global levels. 
Transformation requires various strategies and enablers to be put in place to create 
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equality and address gendered vulnerability, which should potentially result in 
improved CSA adoption at household level. The gender-sensitive CSA adoption 
framework comprises various interconnected components that should be used from a 
gender perspective throughout, aimed at transformation toward more egalitarian- 
resilient societies. In the proposed framework, the desired adoption route likely to 
help achieve gender-equitable resilience is illustrated with black arrows, and the 
undesired route likely to result if gender disparities are not addressed is shown with 
red dotted arrows. The blue curved arrow shows that the enablers, strategies, gender 
equality, and risk information are all interconnected, interacting to inform gender- 
sensitive technology development and risk-informed decision-making. The frame- 
work components are discussed in the following subsections. 


Enablers for CSA Adoption 


Gender-Sensitive Policies 

The findings of this study show that there are preexisting gender inequalities at 
household level which may be perpetuated by gender-blind CSA implementation. 
This chapter suggests that an improvement in CSA adoption by women farmers 
would require gender-sensitive policies to ensure that issues of gender inequality are 
addressed to achieve gender parity. This requires a holistic assessment of CSA that 
will consider implementation strategies and resilience capitals, not just limited to the 
technological benefits of CSA. There is need for policies directly or indirectly linked 
to CSA to be assessed for their implications on different genders. This should 
include land tenure systems, marriage and property inheritance laws, technology 
development, as well as economic empowerment, which all affect CSA adoption 
decisions (Doss et al. 2015; Khoza et al. 2019). 


Gender-Equal Farmer Participation 
CSA presents various opportunities where farmers should be engaged for active 
participation in CSA technology development. However, study findings showed that 
currently, farmers’ participation in CSA is mainly as recipients of already developed 
technologies and CSA information. CSA is characterized by top-down approaches 
which may fail to pay attention to critical gender issues that hinder adoption. This 
study reiterates the need for CSA implementation to ensure equal participation of 
farmers in technology development and identification of CSA options to adequately 
meet the resilience needs of diverse farmer categories. There should also be 
gender-equal participation in the co-creation of knowledge through research in 
gendered risk assessments, vulnerability assessments, and multi-hazard analysis. 
Gender-equal participation of farmers will likely assist with the identification of 
gender-differentiated barriers of CSA adoption and opportunities that can be 
harnessed to improve adoption across different genders. 

When smallholder farmers are given equal opportunities to participate in various 
aspects of CSA, this is likely to also bring to the fore critical contextual gender issues 
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and to facilitate transformation. Gender-equal participation may potentially enable 
bottom-up engagement in CSA, where farmers can also contribute their knowledge 
and experiences. This is especially important when considering the role of indige- 
nous knowledge systems in CSA. Ultimately, equal participation of farmers allows 
CSA to engage with their various realities, ensuring farmers have a voice in the 
design and ownership of CSA projects and technologies. When farmers are given the 
space to participate in various components of CSA, not just as recipients, they are 
more likely to adopt CSA. This will also enhance sustainability of CSA in 
communities. 


Provision of Adequate Funding 

There is no doubt that technological requirements of CSA are likely to be costly and 
beyond the reach of many individual farming households. For instance, capital 
investment for some CSA options, such as irrigation schemes and aquaculture, 
may be costly. This means that at a higher national and global scale, there is a 
need to improve funding for CSA projects. This can be achieved through multiple 
funding streams. For example, at a national level, countries should fulfil commit- 
ments of the Malabo Declaration that states that African governments should 
allocate 10% of their public spending to agriculture (AU 2014). Other funding 
sources could be explored through other government sectors. For instance, on the 
basis of its relationship with DRR, disaster risk management (DRM) departments 
could also provide part of the funding required for CSA. Similarly, at a global level, 
multiple sources may be explored apart from specific CSA projects, such as resil- 
ience-building, climate change adaptation, or DRR funds. 

Importantly, CSA funding should ensure that funds provided address the resource 
needs of local-level institutions, such as the provision of vehicles, information and 
communication technology equipment, and recruitment of more extension agents. 
This will likely improve quality of gender-specific contact extension services pro- 
vided to the farmers. This may also compel strategic direction toward the integration 
of local-level institutions. 


Local-Level Institutions 

Strong operational relationships among local government and nongovernmental 
institutions are required to facilitate gender-sensitive CSA adoption. According to 
Carpenter et al. (2012), polycentricity is key to resilience, often helping to 
promote connectivity within systems and facilitating learning. This is key in 
CSA where diverse institutions need to work together. These institutions are the 
first-level responders to different hazards affecting smallholder farmers; hence, 
their cooperation is necessary to improve adoption of diverse CSA options. Local- 
level institutional cooperation and collective action remain essential in the provi- 
sion of extension services, information dissemination, and facilitation of gender 
transformation in communities. Ultimately, a polycentric approach enhances the 
delivery of CSA with precision and efficiency to meet gender-specific farmer 
resilience needs. 
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Private Sector and Viable Markets 

The findings reveal that one major drawback of CSA adoption by both men and 
women farmers is the lack of improved quality of life as a result. This was connected 
to a lack of economic opportunities, resulting in farmers failing to earn meaningful 
income from the sale of surplus produce. This chapter recommends that innovative 
strategies be implemented to involve the private sector in CSA to ensure win-win 
scenarios for farmers and business. CSA adoption is negatively affected by unviable 
local markets, and an enabling environment for CSA adoption should consider 
creation of viable local markets where farmers can buy and sell CSA inputs and 
outputs. This may help create a thriving local economy and increase the income 
earned from CSA to meet household needs. 


Strategies to Improve CSA Adoption 


Decentralized Participatory Action Research 

The gender disparities identified in the study magnify the need for CSA adoption to 
be informed by participatory action research (PAR), which can be achieved with an 
enabling environment for gender-equal participation of smallholder farmers. PAR 
may facilitate engagement with farmers, giving them a platform to share their 
experiences in gender issues that demotivate them from adopting CSA or drive 
them to discontinue CSA. Furthermore, PAR should be decentralized, allowing 
research to be conducted at the local epicenter of climate disasters. The strength of 
PAR in driving CSA adoption is the recognition of farmers as both sources and 
consumers of knowledge, with their involvement in research tapping into local 
knowledge, perspectives, and realities. At the same time, they are able to use the 
information from PAR to inform their CSA adoption decisions. Decentralization of 
PAR to local level should be gender-sensitive, identifying best ways to examine 
challenges and opportunities for specific groups of farmers in CSA. Farmer partic- 
ipation will illuminate sociopsychological behaviors, attitudes, and perceptions of 
diverse groups, ensuring that precise and complete information equips farmers’ 
decision-making. PAR is also essential in creating a platform for behavior change 
communication and information sharing. 


Diversity of Livelihoods and CSA Options 

Considering CSA from a resilience perspective magnifies the need for CSA to move 
beyond dominance of conservation farming as revealed in this study. If CSA is to 
contribute to resilience of diverse smallholder farmers, then there is a need to provide 
diversified CSA options in addition to conservation farming. Diversified CSA 
options ensure redundancy so that in the face of a climate-related disaster affecting 
one component of the farming systems, farmers have other alternatives to rely on 
(Carpenter et al. 2012). The dominant focus on conservation farming could help 
explain protracted food insecurity and vulnerability, with farmers often relying on 
food aid assistance. Therefore, a resilience lens in CSA advocates for transformation 
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toward consideration of other livelihoods and CSA options. This may include 
income generation through sale of improved livestock breeds, honey from apicul- 
ture, or fish from aquaculture, among others. Diversity and redundancy should 
improve the resilience of farmers, and gender should be considered to assess 
which CSA options would be relevant to each category of farmers. 


Empowerment of Diverse Women Farmers 
In view ofthe study findings, this chapter accentuates the need for the empowerment 
of communities in general and women in particular to equip them to be able to 
articulate their resilience needs and to demand more space to participate in different 
aspects of CSA. The heterogeneity of women smallholder farmers is suggestive of 
their corresponding diverse resilience needs. This is essential when considering 
issues of economic empowerment in CSA. CSA adopters have not been able to 
derive tangible economic benefits, yet this is one ofthe goals of CSA. Empowerment 
of farmers means they will participate in technology development, contributing 
toward defining relevant CSA options they need, and they will participate in 
decision-making at various levels from intra-household level going up. 
Empowerment in CSA should ensure that women farmers can share their expe- 
riences, practice autonomy and agency, and be able to collectively come together to 
tackle structural bottlenecks affecting their adoption decisions. However, this 
requires a transformation from traditional gender mainstreaming approaches that 
have shaped empowerment efforts in the past, toward an integrated approach that 
also considers contemporary approaches such as intersectionality, African femi- 
nisms, and positive masculinity (Arndt 2002; Davis 2008). Studies have shown 
insufficiencies of traditional gender mainstreaming approaches in addressing gender 
inequality and patriarchy in agriculture (Khoza et al. 2019). The integration of 
traditional and contemporary approaches may compensate for the weaknesses of 
each approach applied on its own. Empowerment should address practical gender 
needs while also ensuring that attention 1s paid to structural gender issues that may 
hinder especially women household heads from adoption of CSA. Empowerment 
should also pave way for participation and inclusion of farmers, especially women, 
in the various aspects of CSA as explained in earlier sections. This remains an 
essential vehicle of transformation. 


Gender-Equitable Resilience Capitals 


Based on the study findings, this chapter highlights that a resilience framing of CSA 
adoption compels consideration of gender inequality and gendered vulnerability 
with regard to access to and control and ownership of resilience capitals (Mayunga 
2007). The gender constructions that determine who owns, has access, and controls 
resilience capitals should be assessed in CSA as they shape farmers' adoption 
decisions. In order to achieve resilience-building through CSA, there is a need for 
deliberate strategies aimed at establishing gender equality and equity in the owner- 
ship, control of, and access to social, natural, physical, financial, and human 
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resilience capitals. This will require CSA to engage with disparities and to improve 
especially the ownership of resilience capitals such as farming equipment, livestock, 
land, and finance by women farmers. This will not only enable them to cope with 
climatic disturbances but will also ensure they are equipped to build back better or 
bounce forward from each disturbance. Paying attention to resilience capitals also 
helps illuminate key vulnerability issues that dispose farmers to either dis-adoption 
or non-adoption of CSA. Creating gender equality and equity in resilience capital 
ownership will require innovation in tackling the socioculturally entrenched patri- 
archal systems and women’s subordination, and contemporary gender 
mainstreaming approaches may be useful in this regard. 

While addressing identified gender inequality issues may not be the primary 
mandate of agricultural departments, a resilience framing emphasizes polycentricity 
and collective action. Other development actors need to be involved in CSA, such as 
gender, DRM and community development departments, NGOs, women’s rights 
activists, and local leaders. These structures already exist at a local level, although 
agriculture departments may need to lead the integration to ensure that the expertise 
of various groups is channeled toward addressing inequality and vulnerability in 
pursuit of resilience. 


Risk Information: Generation and Access 


Any attempt to improve CSA adoption requires strategies to ensure supply of 
adequate information to aid farmers during decision-making. Collective action, 
participation, and inclusion are key to the generation of risk information. Processes 
to generate risk information are undertaken by governments, NGOs, and donor 
agencies in many countries. These are usually in the form of vulnerability and risk 
assessments, as well as hazard analysis. However, there is a need to move beyond 
simple gender-disaggregated data generated in these processes to critically engage 
with the gender implications of collected data in terms of resilience-building. Risk 
information is not only useful to technocrats and practitioners, but farmers should 
also have access to the information for decision-making. Knowledge is required to 
make informed decisions. Across different gender groups, its creation and acquisi- 
tion is important in decision-making. The proposed framework advocates for the 
involvement of farmers in knowledge co-creation, which will harness valuable 
indigenous knowledge, especially with regard to climate hazards and early warnings. 
This means attention should be paid to access to gender-sensitive risk communica- 
tion. Gender-sensitive risk information is also requisite in development of gender- 
sensitive CSA technologies. 

A systemic approach helps appreciate that CSA adoption decisions are not only 
based on technological benefits of CSA options. Farmers consider other risks that 
affect their resilience capitals negatively or positively within the wider system 
context. For instance, for many communities, disease epidemics such as HIV/ 
AIDS remain a health risk that threatens agricultural labor provision in households. 
Therefore, any adoption improvement strategy should engage farmers to identify 
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what other risks they face in their contexts, and this may be achieved through gender 
vulnerability and risk assessments, as well as multi-hazard analyses that should 
endeavor to obtain in-depth qualitative perspectives on systemic risks. 


Risk-Informed Decision-Making 


Adoption decisions of men and women smallholder farmers are influenced by 
various factors depending on their gender roles (Khoza et al. 2019). Importantly, 
decision-making for men and women household heads should be viewed within the 
multifaceted context in which decisions are made and have to be risk-informed. 
There is a need to acknowledge different factors and drivers that shape decision- 
making for different genders. A resilience framing of CSA accommodates risk- 
informed decision-making (RIDM) even at smallholder farmer level 
(Weichselgartner and Pigeon 2015). RIDM acknowledges that decision-making is 
not in simple linear fashion as traditionally understood. It is a more comprehensive 
analytical approach that interrogates and seeks to understand complex interactions 
between people, risks, hazards, and systems. Risk-informed decisions pay attention 
to qualitative information from gender-differentiated risk assessments (Gardoni et al. 
2016), narratives, and realities that shape decisions by different farmers. However, 
Apostolakis (2004) caution against the exclusive use of risk assessments to inform 
decisions, necessitating a more consolidated approach where gender vulnerability 
assessments and multi-hazard analyses can also feed into decision-making. 


Gender-Sensitive CSA Technology Development 


Findings of this study showed that smallholder farmers, irrespective of gender, were 
not directly involved in the development of CSA technologies. Rather, technology 
development was a top-down process where farmers were viewed as recipients. 
However, this chapter argues that if CSA adoption is to be improved, there is a need 
for farmers to participate in technology development. CSA technology development 
should be two-way, with provision for consideration and development of local 
farmer innovations for further scaling up. Development and dissemination of CSA 
technology should be participatory to generate and manage perspectives that may 
determine adoption decisions made especially by the women farmers. CSA technol- 
ogy development should therefore be informed by the gender analyses that recognize 
gender roles and interactions with technology in relation to culture, behaviors, 
attitudes, and social influences (Ngigi et al. 2018; Khoza et al. 2019). Development 
of CSA technology should appreciate and address any underlying disparate distri- 
bution of resilience capitals. Failure to consider these underlying factors and 
corresponding strategies to address them may manifest as low adoption of CSA by 
women farmers. 

Additionally, through gender analyses, CSA technology development can con- 
sider existing and projected changes in gender roles. CSA technology may seek to 
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improve current gender roles, or transform them, depending on identified inequal- 
ities and farmer needs (Nyasimi and Huyer 2017), where technologies can be 
developed to help bridge the gender productivity gap and contribute to equitable 
resilience across the heterogeneity of smallholder farmers. For instance, women in 
men-headed households and women who were household heads lamented labor 
demands of basin conservation farming which they felt increased their workload, 
while they have other reproductive and community roles too. Moreover, caution 
should be exercised to ensure that CSA does not reinforce gender stereotypes, for 
instance, when CSA projects target women only for energy-saving stove 
distribution. 

Critical to gender-sensitive technology development is the cost of CSA technol- 
ogies. Women who are already less economically empowered than men are less 
likely to be able to afford costly new CSA technologies. CSA focus should also be 
on women’s economic empowerment. Ultimately, rural women need appropriate 
CSA technologies that can transform their contexts and realities where necessary, 
helping them to become more resilient. This can be achieved by engaging the diverse 
groups of women to establish their practical and structural gender needs. Gender- 
sensitive CSA technology development should be as pragmatic and transformative 
as possible in pursuit of resilience. 


Operationalization of the Framework 


This chapter suggests that utilitarian value of the framework lies in its ability to 
identify and confront issues of inequality and social disparities in a broader context, 
which may pave way for decision-making that favors CSA adoption by smallholder 
farmers. Operationalization of this framework should start at a district level and 
bring together communities and experts from diverse disciplines such as agriculture, 
DRM, climate change, gender, community development, local leaders, businesses, 
weather services, research institutions, and NGOs. Most of these disciplines are 
already represented at district level, although there is a need to transition toward 
collective integrated operations. The agriculture department may maintain the lead- 
ership and coordinating mandate, ensuring representation and multidirectional par- 
ticipatory engagement, communication, and information dissemination. The use of 
the framework can then feed into large-scale administrative processes at the provin- 
cial and national levels. Some components of the framework are already addressed 
by ongoing activities, such as vulnerability assessments and hazard and risk assess- 
ments. However, a gender lens should be applied in these processes, which should 
include smallholder farmers in their diversity, and findings from assessments should 
be used to inform all DRR components, not just for response through humanitarian 
food assistance. 

The proposed framework is worth exploring as it derives value from the partic- 
ipatory nature of its formulation and has a strong focus on social dimensions in CSA 
adoption. As such, it addresses some of the gaps in current appreciation of CSA 
adoption, which seems to elevate the technological merits of CSA at the expense of 
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the equally important social dimensions. This framework's ingenuity also lies in that 
it speaks to the insufficiencies of a linear approach to CSA. Challenges may arise in 
that the framework was developed independent of any existing CSA project, which 
means that its uptake by different institutions 1s not guaranteed. Nevertheless, it does 
present a normative approach to improving CSA adoption so that men and women 
smallholder farmers can be enabled to “build back better equally, leaving no-one 
behind," which should form the core of resilience and sustainable livelihood out- 
comes in Africa. 


Key Lessons, Study Limitations, and Future Research Prospects for 
CSA 


Several key lessons can be drawn from this study that applied a resilience framing to 
the interrogation of gender dimensions in CSA adoption. Firstly, at local level where 
loss and damage from each disaster event worsen food insecurity and poverty, there 
is an amplified urgency for gender-equitable resilience-building through CSA. This 
compels improvement of CSA adoption by at-risk smallholder farmers. Drawing on 
resilience principles may give strategy direction in CSA implementation at the local 
level. Resilience principles such as the maintenance of redundancy and diversity, 
management of intra-system connectivity, feedbacks, promotion of social learning, 
participation and inclusion, embracing polycentricity, and understanding that agri- 
cultural systems are complex adaptive systems all play an essential role in pursuit of 
gender-equitable resilience in CSA. 

Secondly, there remains need to address gender inequality as it stands in the way 
of CSA adoption and inhibits the successful pursuit of resilience. Areas of focus 
should include the promotion of active and equal participation of smallholder 
farmers, especially vulnerable, at-risk women in CSA technology development. 
CSA technologies should not merely be developed for the smallholder farmers, 
but with them, creating space for consideration of their innovations and indigenous 
knowledge systems to suit their gender-specific resilience needs. 

Lastly, it is essential to shift from risk-based decision-making toward risk- 
informed decision-making, starting at household level right up to institutional level 
where CSA support is provided. This is dependent on an appreciation of the fact that 
CSA adoption decision-making is not linear and only based on the technological 
benefits of CSA in the face of climate change, but rather occurs within a multifaceted 
decision-making context, which may differ along gender lines. 

Further studies on CSA can adapt and replicate the study methodology in similar 
developmental contexts and disaster profiles. This study did not test the applicability 
of the proposed gender-sensitive CSA adoption framework. Future studies can test 
the applicability of the proposed framework in any of the Southern African countries 
or in other developing regions. The key is sensitivity to site-specific contexts on 
issues of gender, inequality, power, and agency. CSA adoption itself is a difficult 
variable to assess by means of a cross-sectional survey. Longitudinal studies can be 
considered in future research. 
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Conclusions 


The assessment of the gender dimensions of CSA adoption by smallholder farmers 
anchored in resilience thinking enriches understanding of the inherent challenges 
specifically faced by women farmers. The study highlights several factors that drive 
gender-differentiated vulnerability and contribute to low CSA adoption by at-risk 
women farmers. These factors include gender disparities in ownership of resilience 
capitals, limited participation of farmers in CSA technology development, narrow 
CSA options that can be adopted by farmers, and the limited tangible benefits 
realized from CSA. There is a need to improve the adoption of CSA by diverse 
smallholder farmers and to meet their gender-specific resilience requirements in the 
face of climate-related disasters. This can be achieved through the creation of an 
enabling environment and implementation of strategies that can facilitate gender- 
sensitive CSA technology development and the equal participation of smallholder 
farmers. The farmers should be assisted to make risk-informed decisions by improv- 
ing generation and access to risk information through participatory action research. 
Gender equity and equality in the ownership of resilience capitals can contribute to 
gender-equitable resilience in smallholder farming. In conclusion, this study reiter- 
ates the importance of a gendered approach to CSA to improve adoption by 
smallholder farmers who directly interface with inclement climate hazards. 
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Abstract 


The Santa agrarian basin being one of the main market gardening basins in 
Cameroon and one of the producers of tomatoes in the country is vulnerable to 
the impact of rainfall variability. The spatiotemporal variability of rainfall through 
the annual, monthly, and daily fluctuations has greatly affected the market 
gardening sector in general and tomatoes production in particular. Thus, given 
rise to the research topic “Rainfall variability and adaptation of tomatoes farmers 
in Santa North west region of Cameroon,” its principal objective is to contribute 
to better understanding of the recent changes occurring in tomatoes production 
and productivity in Santa. To attain this objective, a principal hypothesis was 
formulated that rainfall variability instead of unnatural conditions or human 
constraints justifies changes observed in tomatoes production in Santa and 
resulting adaptation strategies developed by peasants and stakeholders. 


This chapter was previously published non-open access with exclusive rights reserved by the 
Publisher. It has been changed retrospectively to open access under a CC BY 4.0 license and the 
copyright holder is “The Author(s)". For further details, please see the license information at the end 
of the chapter. 


M. C. Malyse (XX) 
Department of Geography, University of Dschang, Dschang, Cameroon 
e-mail: majounachristelle@gmail.com 


© The Author(s) 2021 699 
W. Leal Filho et al. (eds.), African Handbook of Climate Change Adaptation, 
https://doi.org/10.1007/978-3-030-45106-6 138 


700 M. C. Malyse 


Our study came out with several findings, among which includes rainfall 
events in Santa fluctuate in time and in space with reduction in the number of 
rainy day and increase in the intensity of rainfall events causing soil erosion, 
infertility, and frequent crop diseases, insects, and pests. Extreme events such as 
drought and flooding have equally become frequent in the area especially during 
the different cycles of tomatoes production disrupting the agricultural calendar 
and causing crop failure and decrease in yields with Pearson's correlation of 
0.017. This positive value shows that there is a relationship between annual 
rainfall and tomatoes output in Santa. Tomatoes farmers in Santa are struggling 
to adapt locally to this situations, but their efforts are still limited especially due to 
their low level of education and poverty. Finally, it was seen that the output of 
tomatoes over the years in Santa has a strong correlation with rainfall. Based on 
the findings of this study, the government is called upon to assist farmers in their 
adaptation options. 


Keywords 


Rainfall variability - Tomatoes production - Extreme events - Santa agrarian 
basin - Market gardening 


Introduction 


The change in global climate system is now undeniable, and it is human-induced as 
it has been concluded to a large extent by scientists during the past decade (IPCC 
2007). Climate variability in general and rainfall variability in particular are very 
important environmental problems affecting mankind today with the highland 
areas being very sensitive to the change in rainfall pattern and its related impacts. 
Tsalefac (1999) in his work on climate variability in the western highlands of 
Cameroon brought out some aspects. He studied the relationship that exists 
between climate variability, land-use pattern, and the economic crisis that brings 
into question the sustainability of land use in the region. As such, this work 
explores the state of rainfall variability in Santa and some of the adaptation options 
adopted by tomatoes farmers in Santa. It’s aim is to elucidate how changing rainfall 
pattern in space and in time as well as an increase in extreme weather events which 
includes dry spells, torrential rains, flooding, and droughts, which has greatly 
affected tomatoes yields, incidence of weeds, insects, pest and diseases, the 
economic cost of tomatoes production and how farmers are struggling to adapt to 
these changes?. This work analyzes tomatoes yields with production cost from 
2001 to 2011 with efforts to understand how they have varied with the current 
rainfall changes. It focuses on extreme weather events on tomatoes production in 
Santa using examples from recent past such as severe drought of 1999 and 2004 
that greatly disrupted the agricultural calendar. Finally, with the current rainfall and 
tomatoes scenarios serving as models, this work looks at better adaptation options 


37 Rainfall Variability and Adaptation of Tomatoes Farmers in Santa:. . . 701 


that could limit the impact of rainfall variability on tomatoes production and boast 
tomatoes production in Santa. 

The study of Zorom et al. (2013) and Rodriguez Solorzano (2014) on climate 
variability and adaptation practices by farmers shows the adoption of numerous 
adaptation strategies to cope with drought conditions. Some of the strategies adopted 
included the diversification of nonfarm activities such as selling of poultry and 
rearing of livestock as alternative measures as well as the reduction of food intake. 
Again, some farmers also engage in the cultivation of dry season irrigated vegeta- 
bles. They further argued that these practices help farmers to distribute climate risk 
over different activities which strengthen their financial capacities to be able to raise 
their purchasing power. 

These adaptation strategies adopted by tomatoes farmers in Santa range 
from changing production techniques to the adoption of improved tomatoes 
species, irrigation, and the use of agrochemicals and the diversification of activities. 
Stakeholders’ adaptation ranges from the provision of agrochemicals to farmers 
finance to the provision of farm tools and farm equipment to farmers to help them 
improve on their production. 

Tomatoes production which is a major market gardening crop in Santa has been 
witnessing a change in the daily, monthly, and annual rainfall in the area. 

Variation in the date of onset, amounts, and the retreat of rainfall has affected the 
growth of tomatoes over the years. 

However, the inability of tomatoes farmers to master and cope with rainfall 
especially the coming of rains has been a major setback to current and future 
tomatoes production as according to most of the peasants, rainy season during the 
past years has been very fluctuating and does not begin in mid-March as in the past 
years; rather, it begins in February and at times comes late and most of the time very 
is irregular, making the availability of water for irrigation very difficult. The few 
streams and watershed whose water up wells the water needed by plants are vast 
declining in quantity; this has been a natural occurrence, and these farmers and their 
crops have an average chance of survival. They loss income, time, and crops. 

Dry spells as well as rainy days recorded on this area have been responsible for 
the outbreak of diseases such as septoria leaf spot, anthracnose, and Verticillium 
which leads to a fall in yields. This is particularly worrisome because farmers have 
very little strategies as they have resorted in the use of pesticides which has both 
negative and positive impacts on both the plant and the environment. Most of the 
time, pesticides are being washed away by heavy downpour due to the fact that most 
farmers do not know the best times to apply these pesticides. Heavy downpours have 
led to rapid depletion of the soils in some areas which have completely destroyed 
large portions of lands with crops. With all these, farmers in Santa have tried to make 
up for this loss by augmenting the dosage of fertilizers to beef up growth and 
productivity, but these fertilizers are very bad for the longevity of crops. Looking 
on the above explanations, the following question will guide us throughout this 
work: How does rainfall impact tomatoes farming in Santa? What are the farmers 
doing to remedy the situation? 
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Location of the Study and Research Methodology 
Location of the Study Area 


Santa is one of the 32 subdivisions in the northwest region located between 
latitude 5°42 N to 5°53 N of the equator and longitude 9°58 E to 10°18 E of the 
Greenwich meridian. It falls within the western highlands agroecological zone and 
covers a surface area of about 532,67 km’. It covers some villages, namely, Akum, 
Baba II, Pinyin, Baligham, Matazem, and Santa (Njong, Ntarrah, and Mbei), which 
are our zone of study. This area lies some 20 km from Bamenda and is commonly 
called “the gateway into the northwest region” with an altitude from 1000 to 2600 m, 
making the area suitable for the cultivation of market garden crops especially 
tomatoes (Fig. 1). 


Methodology 


Data Collection 

Primary data was collected from key informant such as tomatoes farmer, agricultural 
extension officers (MINADER and ACEFA), and field officers of research institutes 
(IRAD). This information was obtained through observations, interviews, and 
questionnaires. Field observation was very important in making a correlation of 
questionnaire response by the farmers to the actual remarkable activities in the farm. 
Field visits were made at different tomatoes farming sites in Santa where different 
farming, impacts of rainfall variability on tomatoes plants, and adaptation practice 
were applied with the help of some main tomatoes farmers. A total of 100 question- 
naires were taken to the different selected villages, of which 39 were distributed 
in Ntarrah, 22 in Njong, and 39 in Mbei. Interviews were equally conducted 
with Farmers in the area who knew the area and had experience in tomatoes 
production. However, rainfall and output data was equally a secondary data of this 
study, of which the rainfall data here was obtained from two meteorological stations: 
Santa and Bamenda stations. The rainfall data used in the study ranged from 1963 to 
2011 for the Bamenda station and from 1981 to 2006 for the Santa station. The 
different quantity of tomatoes harvested by farmers between the years 2001 and 2011 
was obtained from the subdivisional delegation of agriculture for Santa and was used 
hand in globe with the rainfall data to show how rainfall variability has impacted on 
tomatoes production output over the years in Santa. 


Presentation of Results and Discussions 

The state of rainfall variability in Santa is analyzed based on the interannual and 
monthly anomalies as well as variability in rainfall intensity and rainy days which 
has really show evidence of rainfall variability in Santa this has greatly impacted 
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tomatoes production in different ways which includes the attack of tomatoes crops 
by diseases, insects and pest, soil erosion causing infertility of soils, inaccessibility, 
water shortages most farmers have come out with several adaptation strategies to 
adapt to the impact of rainfall variability in Santa which has greatly decrease the 
yields of farmers. 


State of Rainfall Variability in Santa 


Interannual Anomalies in Santa 
The situation in Santa demonstrates more negative anomalies than positive anoma- 
lies as seen. 

Figure 2 shows rainfall anomalies in Santa. As already mentioned, years with 
positive anomalies are fewer than years with negative anomalies. The few years that 
registered rainfall over the annual average for the periods were 1990, 1992, 1997, 
2001, 2002, and 2003. On the other hand, most years had rainfall lesser than the 
annual average such as the period from 1981 to 1989, 1993 to 1996, 1998 to 2000, 
and 2004 to 2006. Within these years of less rainfall, the period 2004 to 2006 stands 
out exceptionally and indicates dry periods. 


Rainfall Variability in Santa 
The variability of rainfall equally manifests on monthly basis. Generally, the 
monthly rainfall pattern affects the seasonal pattern. This area falls within the 
humid tropical climate with two distinct seasons, a short dry season and a long 
rainy season. Dry season months record lower rainfall amounts than rainy season 
months in both Santa and Bamenda stations. Tomatoes production in Santa depends 
on the pattern of rainfall as it provides water and moisture for plant growth. 
Figures 3 and 4 indicate that rainfall is lower for the months of January, February, 
November, and December. These months are the dry season months. The amounts 
begin to rise from March which marks the beginning of the rainy season, and the 
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Fig. 2 Interannual anomalies 
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Fig. 3 Monthly rainfall 
variability in Santa station 


285.672 


wm 27.824 
" my 14.372 
Ly 
zZ = 80.276 
` 
= 172.404 
^ 
sT 
—ámá 208.56 
bl 
EM ll LLLLLLLIZO 
s 
hj 
——— 276.208 
> — 283.56 


- 
» 
= 


Fig. 4 Monthly rainfall a 
variability in Bamenda station 41 404,354166 


N 
N 
N 
ME 
M 
Ra 
DN 
SS 
NAS cd 


Sit 


o 


SSS 
8 
¥ 


173.847916 


SSS 


: 


y 
ANAA Aiii hI 


_ 184 
123.7479 
7 


37.863829% 
2.4 8 
2 J 


N 
SSSSSS 


N 
NNN 
SSSSNNNNNNNNS 


NNN 
NSSNSSNWNN 
ROOM 

= = 


z 
> 
z 
> 
u 


highest amounts are registered in the months of June, July, and August. These 
months are at the mid of the rainy season. 

This trend is the same for both stations, but there is an indication of spatial 
variability when referring to the two stations. It is observed that rainfall amounts 
vary within the same months in both stations. 


Variability in the Number of Rainy Days and Rainfall Intensity 
Variation in the number of rainy days and changes in rainfall intensity are some 
powerful indicators of rainfall variability. This change has a link with fluctuations in 
the dates of onset and departure of rains. Generally, a rainy day refers to a day that 
records at least 1 mm of rainfall. The number of rainy days varies according to 
seasons, but when observed annually, we noticed the days have been fluctuating 
over the past years in Santa. 

Figure 5 shows variability in rainy days from 1963 to 2011 in Santa. The highest 
number of rainy days was recorded in 1999 (225 days), 1976 (222 days), and 2002 
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Fig. 5 Interannual fluctuation in rainy days in Santa. (Source: Fieldwork 2018) 


Table 1 Farm-level adaptation strategies 


Variables Frequency  |Percentages 
1 Crop diversification 17 17.34 
2 | Use of agrochemicals 54 55.10 
3 | Mixed cropping 4 4.08 
4 | Irrigation farming 13 13.26 
5 Changing crop varieties 10 10.20 
Total 98 100 


Source: Fieldwork 2018 


(207 days). On the other hand, 1964, 1995, and 2011 had the least number of rainy 
days (138 days, 101 days, and 133 days, respectively). The annual difference in rainy 
days is about 124 days which is very large. This is an indicator of rainfall variability 
because it affects the frequency and intensity of rainfall. 


Peasant Adaptation to Rainfall Variability on Tomatoes Production in 
Santa 
Peasants in Santa have adopted several adaptation options to reduce the impact 
of rainfall variability on tomatoes production. These impacts are numerous, 
and the capacity to adopt varies according to farmers and the farm sizes. 
These adaptation options can be classified into two groups: the farm-level adaptation 
options and the nonfarm-level adaptation options (Table 1). 

Tomatoes farmers in Santa use the farm-level adaptation options such as the use 
of new species of tomatoes, pesticides, and agrochemicals, changing farming 
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Photo 1 Improved variety of 
tomatoes (F-hybrid species). 
(Source: Photo by Majoumo 
2018) 


methods, and irrigation methods in order to reduce the impact of rainfall variability 
on their tomatoes farms. 


Adaptation to Improved Varieties of Tomatoes 

The use of improved varieties of tomatoes by most farmers in Santa has been a major 
response to drought and pest. The new variety used by farmers in this area is the F1- 
hybrid. According to one of the farmers interviewed (Photo 1): 


Hybrids are plants that are a result of cross pollination and they have advantages compared to 
open pollinated varieties they mature earlier and are uniformly than the other species and are 
resistant to change in seasons and diseases. (NGU 2018) 


Adaptation Through Irrigation 
Irrigation is one of the major adaptive strategies that could improve tomatoes 
yields in era of climate variability (Olwoch and Tshiala 2010). Tomatoes are not 
resistant to drought. Yields decrease considerably after the short period of water 
deficiency. It is important to water the plants regularly during flowering and fruit 
formation. The amount of water that is needed depends on the type of soils. Irrigation 
is one of the adaptive measures used by famers in Santa during periods of drought 
and low rainfall. Some of the different irrigation methods used by farmers in Santa 
on their farms includes the use of water pipes and watering canes to obtain water 
from wells to water farms, as can be seen in Plate 1. 

From Plate 1, Photo 1 shows the sprinkler irrigation method used by tomatoes 
farmers in Santa to irrigate their farms during period of no rainfall or prolonged dry 
season, Photo 2 shows the water pipes used by farmers to connect water into their 
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PHOTO 1 PHOTO 2 PHOTO 3 


Plate 1 The different methods of irrigation used by tomatoes farmers in Santa 


farms, and Photo 3 shows another local way of irrigation where farmers dig holes 
where there is water and use watering canes to carry water to water their farms. 


Cropping System and Change in the Technique of Production as an 
Adaptation Option 

Most farmers in Santa use poor farming methods to cultivate their crops which has 
greatly reduced their yields and also makes the area vulnerable to extreme climatic 
conditions such as flooding, droughts, as well as soil erosion. Tomatoes farmers in 
Santa are moving from monoculture to mixed cropping, crop rotation, and 
intercropping to avoid the risk of reduction in yields as well as crop failure and to 
equally allow the soils to regain its fertility. It was observed that tomatoes farmers in 
Santa mix tomatoes with crops such as green beans and lettuce and most of them do 
carry out intercropping on tomatoes farms. 


Adaptation Through the Use of Agrochemicals and Fertilizers 

The application of agrochemicals and fertilizers is common to all tomatoes farmers 
in Santa. The application of agrochemicals and fertilizers improves soil fertility and 
eradicates crop diseases, insects, and pests. Also, the use of agrochemicals especially 
fertilizer is a good adaptation strategy that improves tomatoes yields (Tshiala and 
Olwoch 2010). Most of the farmers in this area apply the NPK 20:10:10 fertilizer in 
order to increase fertility of their soils especially soils that have been rendered fertile 
during heavy rainfall or changing rainfall. With the growth of diseases and pest in 
Santa that affect tomatoes crops, most farmers adapt to use agrochemicals for their 
crops. An example of pesticide used by farmers in Santa is the CLEANZEB BLUE. 
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Table 2 Nonfarm-level adaptation 


Variables Frequency | Percentages 
1 Diversification of nonfarm activities 45 45.91 
2 | Migration 53 54.08 

Total 98 100 


Source: Fieldwork 2018 


Diversification to Off-Farm and Nonfarm-Level Activity Adaptation Strategies 
Diversification to nonfarm and off-farm activities is one of the adaptive measures 
that is not popular to tomatoes farmers in Santa, but it was much preferred by most 
them as it was seen that most of the farmers in that area do carry out other activities 
such as trading, bike riding, and dress making, just to name a few. Some of these 
farmers even migrate to other areas in search of jobs especially in urban centers as 
shown in Table 2. 

Table 2 shows the different off-farm adaptation options adopted by farmers in 
Santa. 54.08% of farmers say they diversify into nonfarm activities such as trading, 
teaching, and bike riding, just to name a few, while 45.91% migrate to other areas to 
obtain lands that are more fertile and to areas they think do not suffer from extreme 
weather conditions or in search for jobs. Respondent explained that the tomatoes 
business is the main source of livelihood bequeathed to them by their forefathers. 


Conclusion and Future Prospects 


This study has been able to come out with the state of rainfall variability on tomatoes 
production in Santa and some of the adaptation options adopted by farmers to 
remedy the situation. Rainfall events in Santa fluctuate seriously around the mean 
values. Data from two meteorological stations were analyzed and show yearly, 
monthly, and daily rainfall variability. 

Spatial rainfall variability in the area shows that rainfall has become intense and 
fall over short duration varying from one area to another. This was analyzed in this 
work due to the fact that data for this study was obtained from two stations found on 
the same geographical locations. Temporally, as years goes by, rainfall is becoming 
very unreliable and varies greatly within the same months. 

Extreme weather events such as heavy rains, drought, and flooding are increas- 
ingly becoming common in Santa, their occurrence determines the length of growing 
period, distorts the plants through diseases insects and pest during the plants life 
cycle, soil lost through flooding and erosion is one of the characteristics of rainy 
seasons in this area. Most of the farmers in the area are becoming aware of the 
situation as they have perceived the presence of rainfall variability in the area 
through the different ways in which it manifest. 

In order to adapt to the situation, most of the farmers resorted in the use of 
irrigation, agrochemicals, mixed cropping, and diversification in nonfarm activities 
which have greatly helped them to improve on their productivity over the past years. 
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Future Prospects 


The introduction of various adaptation strategies by the government and/or stake- 
holders, including the method of distribution of the agricultural inputs, was found to 
be very uncertain and partly unacceptable by most farmers in the study area. Thus, 
there is a need of further studies in this area to explore and develop the best method 
that will be efficient and effective. 

Furthermore, an improvement in agricultural research will provide a backbone 
for adaptation measures. This is because research rapidly changing situations is 
different from research for stable conditions. Therefore, traditional knowledge is a 
suitable entry point but very insufficient in a changing situation. So tomatoes 
varieties need to be developed for future conditions as their applicability cannot 
be assessed at the location where they may be used in the future. The results of the 
research have to be published in an environment in which methods and crop 
varieties are accessible for use. 

The analysis of the effect of rainfall variability on tomatoes production indicates 
that farmers do face production losses since the study area is vulnerable to rainfall 
and tomatoes production and tomatoes are one of the market gardening crops mostly 
cultivated by farmers in Santa. It is very important to develop a drought-resistant 
tomatoes variety that can withstand drought and extreme weather conditions and 
help to improve yields. It is therefore imperative that institutes such as crop research 
institutes like IRAD in the country develop more resistant drought varieties to 
withstand extreme weather conditions. 
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Abstract 


Bamenda I municipality found in the humid tropic is endowed with a dense 
hydrological network which makes it a water catchment for the entire region. 
Paradoxically, the region still suffers problems of water shortage. This is due to 
the spatial and temporal variability in rainfall that greatly affects water supply 


This chapter was previously published non-open access with exclusive rights reserved by the 
Publisher. It has been changed retrospectively to open access under a CC BY 4.0 license and the 
copyright holder is *The Author(s)". For further details, please see the license information at the end 
of the chapter. 


Z. T. Sedrique (b4) - J. T. Nfor 
Department of Geography, Planning and Environment, University of Dschang, Dschang, Cameroon 
e-mail: saiyddouk@gmail.com; jtnfor2007@yahoo.com 


© The Author(s) 2021 713 
W. Leal Filho et al. (eds.), African Handbook of Climate Change Adaptation, 
https://doi.org/10.1007/978-3-030-45106-6_139 


714 Z. T. Sedrique and J. T. Nfor 


through its impacts on surface and groundwater. For this reason, we came up 
with the research topic “Rainfall variability and quantity of water supply in 
Bamenda 1, Northwest Region of Cameroon.” The objective of this study is to 
examine the manifestations of rainfall variability, and how it affects quantity of 
water supply in the humid tropics. Rainfall data use for this study comprised of 
annual, monthly, and daily rainfall over a period of 55 years. Water supply data 
was made of monthly and annual supply. With these data, a Pearson’s correlation 
was computed, and it gave a value of 0.701, with a rainfall proportion of 49.14% 
and 50.86% for other factors. The seasonality and the Standardized Precipitation 
Index were equally analyzed. At the end of the study, results showed that rainfall 
events in Bamenda I fluctuates with time and in space. It equally presented a 
reduction in the number of rainy days from 204 days in 1663 to 155 in 2018. This 
led to a reduction in length of rainy season and in rainfall amounts. In addition, 
the area has witnessed sedimentation of riverbeds and water reservoirs due to 
erosion and deposition during high rainfall peaks. Equally, floods observed 
during high rainfall episodes have become a potential threat to water infrastruc- 
tures imposing exceptional water shortages during the rainy seasons. Due to 
these, actors in the water supply sector are putting in measures to remedy the 
situation. 


Keywords 


Rainfall variability - Water supply > Stream flow - Water catchment - 
Vulnerability - Adaptation measures : Bamenda I 


Introduction 


The Intergovernmental Panel on Climate Change (IPCC 2008) relates that there is a 
consensus that increases atmospheric greenhouse gases and will result in climate 
change which will cause: rise in sea levels, increased frequency of extreme climatic 
events including intense storms, heavy rainfall events, and droughts. This will 
increase the frequency of climate-related hazards on water resources. There is less 
consensus on the magnitude of change in climatic variables, but several studies have 
shown that climate change will affect the availability and demand for water 
resources. Tsalefac (2007) and Wilby et al. (2006) defended the idea that if global 
warming averagely increases, isotherms will be displaced, leading to a modification 
of ecosystems and hydrological cycle, and therefore consequent impacts on both 
surface and groundwater. Climate variability in general and rainfall variability in 
particular are ills that are affecting mankind today with highland areas being the most 
vulnerable to the changes in climatic patterns and its related impacts on water 
resources. As such, this work explores the state of rainfall variability in Bamenda I 
and its impacts on the quantity of water supply. Our aim is to show how changing 
rainfall pattern in space and in time as well as extreme weather events such as 
torrential rains, floods, and droughts have led to disastrous impacts on the water 
resource and on the water system. 
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This work analyzes rainfall data from 1963 to 2018 as well as water supply data 
from 2012 to 2018 with efforts to understand how quantity of water supply has 
varied with the past and current changes in rainfall patterns. It focuses on the impacts 
of extreme rainfall events on water supply in the Bamenda I municipality. According 
to the national plan of action for integrated water resource management (PANGIRE 
2013), Cameroon has a dense river network and both surface and groundwater 
resources are available but not evenly distributed, and both physical and human 
factors influences the state and availability of its fresh water resources. These factors 
include climate change, sedimentation of riverbeds, floods, deforestation, physical 
and chemical contamination, as well as government policies on both waste manage- 
ment and fresh water management. The Bamenda I municipality, found in the humid 
tropics ought to have had abundant water due to its geographical, geomorphological, 
geological, and hydrological features. Paradoxically, this region suffers problems of 
water supply. This is due to the past and current episodes of seasonal droughts and 
floods caused by heavy and varying rainfall patterns that continue to affects dis- 
charge in river basins. The seasonal fluctuations in the quantity of water supply in 
this locality are equally attributed to the variations in daily, monthly, and annual 
rainfall variability. These variations have greatly affected the supply of water to the 
catchment (surface stores), as well as to reservoirs and consequently to different 
supply points despite the water potentials in the municipality. This work therefore 
considers rainfall variability as a major constraint to quantity of water supply in the 
Bamenda I municipality and aims at bringing the impacts of rainfall variability on 
water supply. 


Literature Review 
Climate Variability and Water Supply 


Much has been said on rainfall (climate) variability and water supply, both in the 
long term and short term. The impacts of climate on water supply can therefore be 
seen below. 

A group of researchers, Beniston (2003), Sadjin et al. (2005), and Martin 
Dahinden (2010), who studied mountain and climate change, stand for the idea 
that mountains are among the most sensitive regions to climate change and that some 
of the most visible indicators of climate change comes from mountain areas. Their 
ideas were that mountains are water towers of the world as they provide fresh water 
to more than half of the world's population, but these areas are also among the most 
sensitive and vulnerable to climate change. 

According to Adefolalu (1993) in his study on precipitation, evapotranspiration, 
and the ecological zones in Nigeria, he explained the fact that during rainy season, it 
is not expected to have precipitation on daily basis. However, when breaks of equal 
or more than three pentads (15 days) occur, they are considered serious anomalies. 
Also, climate change (prolonged dryness) can lead to the drying up of springs, and it 
is projected to reduce renewable surface water and groundwater resources 
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significantly in most dry subtropical regions. This will intend to increase the 
frequency of meteorological droughts (less rainfall) which is likely to increase the 
frequency of hydrological drought (less surface water and ground water). 

Jiduana et al. (2011) explained the variations in the evolution of rainfall patterns 
and laid emphasis on the fact that the quantity of rainfall and its duration is 
experiencing a simultaneous decrease in Nigeria which is remarkable to about 
78.6% while the intensity of the rainy days and rainy season decreased equally to 
77.3%. The study equally permitted to analyze that there has been a regression in the 
stream flow data over the past years in Nigeria, and this is due to a fall in the quantity 
of rainfall of about 76.8% affecting the level of stream flow, the stream’s transpor- 
tation capacity, and time of annual recharge. Therefore, it is seen that changes in 
climate parameters has a potential impact on water supply. 

Tsalefac et al. (2007), in their contributions to a book titled Afrique Centrale, le 
Cameroun et les changements globaux, prospected that a certain number of potential 
consequences of climate change can be seen in a more or less precise manner. If 
global warming averagely increases, isotherms will be displaced, leading to a 
modification of ecosystems, mutations in major vegetation types with a great 
reduction in the forest surface (wood). Drought will increase in the tropical latitudes 
and thereby increase the risks of extreme weather conditions. This will lead to a 
reduction in surface and groundwater. Also, certain ecosystems that are very fragile 
will be particularly sensible to climate change, notably the mountain and coastal 
ecosystems. 


Adaptation to Climate Variability 


In the phase of hydrological changes and fresh water-related impacts, vulnerability, 
and risk due to climate change, there is need for adaptation and for increasing 
resilience. Managing the changing risks due to the impact of climate change is the 
key to adaptation in the water sector and risk management should be part of decision- 
making and treatment of uncertainty (IPCC 2014). To exploit the impacts of climate 
change on fresh water, adaptation is generally required; there is growing agreement 
that an adaptive approach to water management can successfully address uncertainty 
due to climate change. 

According to a group of scholars Mark et al. (2008), adaptation strategies to 
rainfall variability include household water treatment and safe storage (HWTS), 
water storage and conservation techniques, water reclamation and reuse technics, 
increasing use of water-efficient fixtures and appliances. These strategies are 
grouped in to six typology of adaption technologies which are diversification of 
water supply, groundwater recharge, preparation for extreme weather events, resil- 
ience to water quality degradation, storm water control and capture, and water 
conservation. 

Another group of researchers, ML Parry et al. (2007), in water supply sanitation 
(WSS) propose sector-specific models, which included upgrading existing infra- 
structure to meet future challenges and cope with the risks associated with climate 
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change. Example, installation of pre-sedimentation pond or riverbank filters for 
pretreatment, shifting from shallow wells to more reliable sources of water supply, 
such as surface water and confined aquifers. It was equally concerned with improv- 
ing water supply through master plan and long-term investment plan including an 
inventory of groundwater resources. They equally implemented complementary 
measures, which included the introduction of disaster and climate risk assessment, 
and improving general framework for risk assessment and management, establishing 
system for managing floods and other climate and water-related disasters. According 
to them a proper adaptation could equally be done through protecting water intake 
facilities from flooding, protecting pumping stations and treatment plants or other 
facilities potentially exposed to flooding and encouraging the use of alternative water 
sources, such as (treated) wastewater reuse and rainwater harvesting, to minimize 
dependence on freshwater and secure access to stable sources of water. Recent 
experience in Moldova confirms that well properly designed and operated basic 
treatment plants can deliver even under extreme weather conditions. 


Location of Study Area and Research Methodology 
Location of the Study Area 


Bamenda I subdivision is situated Southeast of Mezam division, one of the seven 
divisions of the Northwest region of Cameroon. It is located within latitude 5°51” to 
5°58” north of the equator and longitude 10°8” to 10° 17" east of the Greenwich 
meridian, (Fig. 4). It falls within the humid tropical climatic zone and covers a total 
surface area of about 110 km? with one main village (Bamendakwe) comprising of 
about 13 quarters, namely, Abangoh, Achichum, Alahnting, Aningdoh, Banche, 
Nkar, Ayaba, Ntanche, Ntafebuh, Nta'afi, Moyo, Keneleri, and Abumuchi. This 
municipality is situated at the entry to Bamenda town, and it is oriented 366 km 
northwest of the Cameroon capital with an altitudinal range from about 1269 to 
2606 m above sea level. 

As seen on Fig. 1, the Bamenda I municipality is bounded to the north by 
Bamenda III subdivision, to the south by Santa, to the east by Tubah and 
Balikumbat, and to the west by Bamenda II subdivision (Flyer Bamenda I council 
2018). It is connected to the national territory by the national road N°6. Its geo- 
graphical location falls within the Guinean climate type. This climate varies from 
one area to another, and it equally varies with altitudes (thermal gradient) and 
seasons. The climate is marked by two distinct seasons which are the dry and 
rainy season. The rainy season is usually from around mid-March to mid-October 
and sometimes extends to November. The rainfall ranges between 2000 and 
2500 mm per annum and highest amounts are recorded in July and August. Heavy 
torrential rainfall in this area usually results from strong Southwest Monsoon winds 
blowing into the country from the Atlantic Ocean. These rainfall amounts lead to a 
considerable recharge of the water table and consequently an increase in stream 
volume, thereby leading to adequate supply of water to the entire municipality. 
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Fig. 1 Location of the study area 


On the other hand, dry northeast trade winds from the Sahara Desert blow to the 
national territory through the northern part of the country, from November to 
January. The dry season is usually from mid-October and or November to around 
mid-March. Strong winds and heavy cloud cover characterize the area due to 
convectional heating. The altitudinal range gives it a highland average temperature 
of about 19.4 °C with about 18 °C around water catchments, confirming the 
reduction of temperatures with altitudes. Equally, this area registers average relative 
humidity of about 76.9%. These moderate temperatures are friendly to water con- 
servation as very little is lost through evaporation. On the other hand, high humidity 
conditions the availability of moisture in the atmosphere. The area also receives 
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insulations of about 6—8 h/day, reaching its peak in January when the northeast trade 
winds sweeps across the area. This leads to some cloud formations on the highlands 
of Mendankwe, and during such occurrences, potential cases of convectional rainfall 
are recorded. These climatic parameters are favorable for the natural supply of water 
to the catchments and subsequently to the water system there by qualifying this area 
as a watershed for the entire locality. It is clearly seen on Fig. 1, as most rivers take 
their rise from the municipality and flows to different areas. 

The area is equally located on the western highland plateau, along the Cameroon 
dorsal, which runs from Mount Cameroon in the southwest passing through Mount 
Manengouba and Mount Bamboutos in the west, and stretching to Mount Oku in the 
northwest. High altitudes with series of mountain chains are common in this area. 
The locality therefore presents a wide range in its relief forms, with altitudes ranging 
from 1269 to 2606 m. This range permits an ample downflow of water to the rest of 
the municipality and beyond. The zone is therefore considered a watershed for the 
entire region since most rivers and streams draining the region take their rise from its 
highlands. 


Research Methodology 


Data Collection 

Both qualitative and quantitative data were gotten from respondents in the zone of 
study, and the data was from primary as well as secondary sources. Primary data was 
mostly qualitative and comprised of observations made, interviews conducted, and 
questionnaires administered to both the water management committee and the local 
population. This information was obtained using questionnaires and interview 
guides, where 99 questionnaires were successfully administered to seven quarters 
and returned. Secondary data were both quantitative and qualitative. Quantitative 
secondary data comprised of the total quantity of water abstracted and supplied in 
Bamenda I from 2012 to 2018, collected from the Cameroon Water Utility Corpo- 
ration (CAMWATER), and of rainfall data for Bamenda Station from 1963 to 2018, 
collected from the chief in charge of the meteorological station at the Northwest 
Regional Delegation of Transport. These data were used firstly to characterize 
rainfall events in the Bamenda I municipality, secondly to determine the Standard- 
ized Precipitation Index (SPI) and the rainfall seasonality index, and finally the 
Pearson's correlation coefficient. 


Results and Discussions 


Manifestations of rainfall variability in Bamenda I was evaluated through analyses 
of interannual rainfall variability and anomalies, analyses of monthly rainfall vari- 
ability and anomalies, fluctuation in number of rainy days and in rainfall intensity, 
and through the application of climatic indices. Also, the Pearson's correlation 
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coefficient was used to evaluate the extent to which manifestations in rainfall affect 
water supply quantity. These manifestations have consequent impacts on water 
resource availability or stream discharge in catchments, on riverbanks and on the 
water systems. This is due to heavy downpours that cause massive erosion in the 
drainage basin, landslides along river banks, and sedimentation in water reservoirs. 


Interannual Rainfall Variability and Anomalies 


Rainfall variability in Bamenda I manifest through fluctuations in annual rainfall 
amounts seen as some years registered more rainfall amounts than others. It 
equally manifest through annual rainfall anomalies as seen on Figs. 2 and 3, 
respectively. 

As seen on Fig. 2, there have been great variations in annual rainfall amounts over 
the study period. This is seen as some years registered high rainfall amount (above 
the means of 2362 mm), while others registered low rainfall amounts (below the 
mean). High amounts of rainfall where registered in 1963 (2800 mm), in 1969 
(2900 mm), in 1981 (2500 mm), and in 2018 (2400 mm), while low rainfall amounts 
were registered in 1972 (2200 mm), in 1973 (1800 mm), in 2014 (2000), and in 2016 
(1600 mm). There have been a general fall in rainfall amount over the past 55 years, 
indicated by the depressing trend line. This is in line with global trends of falling 
rainfall with time due to changing climate, IPCC (2008). 

On the other hand, Fig. 3 illustrates rainfall anomalies, and it is seen as some years 
registered positive rainfall anomalies and others negative rainfall anomalies. Exam- 
ple positive anomalies were recorded in years like 1963, 1969, 1976, 1979, and in 
2002. They registered anomalies ranging between 300 and 500 mm, while negative 
anomalies were recorded in 1964, 1973, 2015, 2016, and 2017 with anomalies 
between 400 and 900 mm. Negative anomalies registered a frequency 60% against 
40% for positive anomalies reason for the falling trends. 


3000 y = -4,3101x + 2423 
R? = 0,0779 


Annual rainfall (mm) 


Fig. 2 Interannual rainfall variability in Bamenda up station. (Source: Author (2019)) 
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Fig. 3 Interannual rainfall anomalies in Bamenda up station. (Source: Author (2019)) 
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Fig. 4 Monthly rainfall variability. (Source: Author (2019)) 


Monthly Rainfall Variability and Anomalies 


Rainfall variability equally manifests through fluctuations in monthly rainfall 
amounts and anomalies, but fluctuations follow a seasonal pattern. The mean 
monthly rainfall was calculated at 191.68 mm and fluctuations went both below 
and beyond the mean, indicating variations rainfall (Fig. 4). 

As seen on Fig. 4, rainfall amounts are lower in months of January with about 
10 mm, February with 35 mm, November (42 mm), and December with about 
11 mm, as they all register rainfall below the mean of 191.68 mm. The rainfall 
begins to rise in the months of March (120 mm), which mark the beginning of the 
rainy season. Its reaches its peak in July (410 mm), and August (420 mm), and starts 
falling around October (220 mm). 

Rainfall variability in the Bamenda I municipality is equally indicated by monthly 
rainfall anomalies. This is seen as some months record positive rainfall anomalies 
while others record negative anomalies (Fig. 5). 

Figure 5 on the other hand illustrate monthly rainfall anomalies, and it is seen that 
negative anomalies were recorded in some rainy months (March, April and May). 
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Fig. 5 Monthly rainfall anomalies. (Source: Author (2019)) 


This 1s paradoxical because negative anomalies are expected in months of the dry 
season, but they are instead recorded in rainy months. This may be accounted for by 
the late onset of rains leading to an increase of the length of the dry season. This will 
lead to a drop in the water table, thereby reducing water level in catchment and thus 
exacerbating water shortages. This confirms the results of Hayward et al. (1987) that 
“an increase in the length of time for recharge of ground water due to prolonged dry 
season will cause a drop in the water table and a drying up of some streams and 
springs on which people depend for survival." 


Fluctuation in Number of Rainy Days and Rainfall Intensity 


Variation in the number of rainy days and changes in rainfall intensity are other 
indicators of rainfall variability. This variation has a link with fluctuations in the 
dates of onset and retreat of rains. This link is seen as years with late onset and early 
retreat will have a higher tendency of registering less rainy days but with higher 
rainfall intensity while years with early onset and late retreat will have higher 
chances of recording many rainy days but less rainfall intensities. 

Figure 6 shows variability in rainy days in Bamenda up station from 1963 to 
2018. This study period has registered a lot fluctuation in number of rainy days as 
some years registered close to 250 rainy days annually and others about 130 rainy 
days. Highest number of rainy days were recorded in 1999 (249 days) and in 2007 
(225 days). On the other hand, 1964 and 2011 had the least number of rainy days 
(135 days and 130 days, respectively). The annual difference in number of rainy 
days is about 119 days, which is much enough to attest that there have been 
variations in rainfall within the study area. This is because fluctuations in number 
of rainy days will obviously lead to fluctuations in frequency and intensity of 
rainfall. This is felt as years with less rainy days and more rainfall amount record 
high rainfall intensity, while those with more rainy days and less rainfall amount 
record less rainfall intensity. This 1s because less rainfall amount is rationed within 
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Fig. 6 Number of rainy days. (Source: Author (2019)) 


Table 1 Classification of SPI values, categories, and corresponding proportions 


SPI value Category Probability (96) 
2.00 or more Extreme wet 0.3 

1.5 to 1.99 Severely wet 24 

1.00 to 1.49 Moderately wet 11.2 

0 to 0.99 Mildly wet 30.1 

0 to —0.99 Mild drought 37.4 

—1.00 to —1.49 Moderate drought 14.2 

—1.50 to —1.99 Severe drought 4.4 

—2 or less Extreme drought 0 


Source: McKee et al. (1993) 


the many rainy days and consequently, low rainfall intensity, whereas with the few 
rainy days, much rainfall amount is pouring per unit area, and hence high rainfall 
intensity. 


Analyses of Rainfall Variability in Bamenda I Using Climatic Indices 


Climatic indices were equally used to characterize rainfall variability in Bamenda I, 
and both the seasonality and the standardized precipitation index were used (Tables 1 
and 2). 


The Standardized Precipitation Index (SPI) 
The Standardized Precipitation Index (SPI) is a tool used primarily for defining and 
monitoring drought and floods (rainfall situation). It equally serves as a method of 
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assessing climatic variability. It was developed by McKee et al. in 1993. It was 
therefore used to access the situation of rainfall variability in Bamenda I (Table 1). 

As seen on Table 1, 0.3% of the study period registered SPI values greater than or 
equal to 2.00 indicating extreme wet conditions. This implies that the probability of 
occurrence of extreme floods in Bamenda I is 0.3%. Equally, 2.4% of the study 
period registered values between 1.5% and 1.99% corresponding to severely wet 
conditions. Also, 11.2% recorded moderately wet and 30.1% recorded mildly wet 
conditions. To what concerns drought conditions, 37.4% lived mild drought, 14.2% 
lived moderate drought, and 4.4% lived severe drought conditions, but no situation 
of extreme drought was witnessed. The SPI therefore indicates that mild wet and 
mild drought conditions are most common in Bamenda I since they have the highest 
probability of occurrence. 


The Seasonality Index 

The seasonality of precipitation refers to the tendency for a place to have more 
rainfall in certain months than in others. It therefore determines the rainfall regime 
of a particular place (length of seasons). This makes use of the seasonality index 
(SI) of Walsh and Lawler (1981). Table 2 presents the seasonality index for 
Bamenda I. 

Table 2 shows the scale (class limit) of the seasonality index and their 
corresponding seasonal regime. The seasonality index for Bamenda up station is 
calculated at an overall value of 0.901, and as seen on the scale, this value falls 
within the limit 0.80 to 0.99. This means that the rainfall regime for Bamenda station 
portrays a markedly seasonal with a long drier season instead of a seasonal regime. 
Instead of seasonal because humid tropics (Bamenda) are characterized by two 
distinct seasons, so we should normally have a "seasonal" rainfall regime with a 
well-defined rainy and dry season but instead of a seasonal regime, it shifted to a 
"markedly seasonal with long drier season." This is a clear indicator of a variation in 
rainfall, and it also indicates that rainfall in Bamenda I has been reducing gradually, 
leading to higher trends of drought occurrence. This result is in line with that of 
Jiduana et al. (2011), in Northern Nigeria, which emphasizes on the fact that "rainfall 
amounts and its duration is experiencing a general decrease." This explains why 
rainy months of March, April, and May portray negative anomalies, with rainfall 


Table 2 Rainfall seasonality index and corresponding regimes 


Seasonality index class limit Rainfall regime 

«0.19 Very equable 

0.20—0.39 Equable but with a definite wetter season 
0.40—0.59 Rather seasonal with a short drier season 
0.60—0.79 Seasonal 

0.80—0.99 Markedly seasonal with long drier season 
1.00-1.19 Most rain in 3 months or less 

>1.20 Extreme, almost all rain in 1-2 months 


Source: Walsh and Lawler (1981) 
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below the normal. This fall in rainfall and occurrence of droughts will obviously lead 
to a fall in the general quantity of water supply in Bamenda I. 


Impacts of Rainfall Variability on Water Supply 


This section deals with the effects of variation in rainfall on water supply. These 
variations in rainfall pattern and amount have caused several impacts on the water 
system. They include intense erosion within river channel leading to occurrence of 
landslides, sedimentation in water collection chambers leading to its blockage, and 
erosion along pipeline network leading to breakage. Also, meteorological droughts 
lead to shrinking of rivers and springs. It equally shows the Pearson's correlation 
coefficient between monthly rainfall amount and water supply. 


Pearson's Correlation Coefficient Between Rainfall Variability and Water 
Supply 

The Pearson's correlation coefficient is a measure of the linear correlation between 
two variables. It is a tool for determining the strength of a relationship existing 
between two variables. It was therefore used to establish the relationship between 
rainfall and water supply in Bamenda I. 

From Table 3, the Pearson’s correlation coefficient is 0.701. This positive value 
shows a direct relationship between monthly rainfall and monthly water supply in 
Bamenda I. Meaning that an increase in rainfall amount will lead to an increase in 
quantity of water supply while a fall in rainfall will condition a fall in water supply 
quantity (in monthly or seasonal bases). This is because an increase in rainfall 
amount due to the outbreak of the rainy season will progressively recharge the 
water table and increase its level thereby increasing the volume and level of surface 
and groundwater, respectively, this will consequently increase quantity of water 
abstracted and supplied in the municipality. 

Though the correlation coefficient indicates a strong positive relationship 
(70.701), it is not up to a total positive relationship (+1), implying that other factors 
influence quantity of water supply in Bamenda I. To determine their contribution, the 
coefficient of determination was calculated, and the proportion of rainfall was 
determined. This coefficient gave an R? value of 0.49 and a rainfall proportion of 
49.14%. This percentage shows the contribution of rainfall on the changes observed 
in quantity of water supply, therefore the remaining 50.86% indicates the contribu- 
tion of other factors. These factors include demographic increase, urban expansion, 
infrastructural, and managerial factors. 


Table 3 Pearson's correlation coefficient between monthly rainfall variability and water supply 


Pearson's correlation | Coefficient of Proportion of rainfall 
Variables tested coefficient (r) determination RÊ) in the change 
Rainfall (mm) and 0.701 0.49 49.14% 


water supply (m°) 
Source: Author (2019) 
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High Rainfall Intensity and the Water System 

Occurrence of torrential rains in this area is usually accompanied by heavy down- 
pours, which generally constitutes more of overland flow than infiltration. This is 
because the steep topography limits chances of infiltrate and rather permits runoff. 
These conditions will therefore lead to occurrence of surface runoffs, which flow 
into rivers and increase their volumes. This increase in river volume will increase its 
force and action within the channel, and this will lead to the occurrence of landslides 
along its banks. On the other hand, runoffs mostly transport sediments and debris, 
which ends up blocking water intakes and damaging transmission pipes, thereby 
preventing water input and output into and out of the system (Plate 1). 

As seen on Plate 1, landslides occur due to intense erosive activities along the 
river course due to intense rainfall episodes (Photo 1). Equally, the transportation of 
sediments and deposition within the river channel leads to blockage of water 
collecting chambers and consequently, no inputs into the water system. Also, the 
occurrence of gully erosion will lead to the exposure of and further damage on 
pipelines and in such situations, outputting will be hindered, (Photo 3). When these 
phenomena take place, the entire water system is disrupted, and water crises are 
witnessed in the municipality. 


Droughts and Natural Supply 
When meteorological droughts persist, hydrological droughts develop. The term 
“drought” can have different meaning to different people, depending on how a water 
deficiency affects them (Moreland et al. 1993). To the people of Bamenda I, droughts 
are condition of persistent dryness that leads to a reduction in stream flow and 
groundwater levels, thereby causing water shortages. Prolonged occurrences of 
this drought therefore lead to shrinking of their water sources (streams, springs, 
and wells) and in some cases, it leads to the complete disappearance of some 
streams, (Plate 2). 

As seen on Plate 2, there is a drastic fall in the volume of stream flow (Photo 1), 
shrinking of springs (Photo 2), and complete disappearance in stream flow as seen on 
Photo 3. These situations are found in Nkar, Ntanche, and Alahnting, respectively. 


Photo 1 Photo 2 Photo 3 


Plate 1 Impacts of heavy downpour on the water system 
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Plate 2 Impacts of drought on natural supply 


Photo 1 Photo 2 


Plate 3 Impacts of drought on supply points 


This is caused by three main factors: firstly by lack of precipitations to recharge 
surface and groundwater, secondly by prolonged evaporation that lead to direct 
water lost, and lastly by uptake and transpiration from vegetation that reduce both 
ground- and surface water. Intense insulation and high temperatures often amplify 
this situation. This result supports the thesis of Adefolalu (1993). On the idea that 
“climate change can lead to drying up of springs and is projected to reduce surface 
and ground water resources significantly in most subtropical regions." This reduc- 
tion in stream flow will reduce quantity of natural supply, thereby reducing input of 
water to the system, and this will lead to a drastic reduction in total quantity of water 
supplied within the municipality. 

This fall in supply has led to the shutdown of most public supply spots since 
available water quantity is no longer sufficient to supply all points, (Plate 3). 

Plate 3 illustrates shutdown of water supply points due to scarcity in water 
resource. This is the case of Akumbele and Ntafebuh on Photos 1 and 2, respectively. 
This occurs because a fall in natural supply due to meteorological drought will lead 
to a reduction in input to the water system. This reduced in input will lead to a 
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reduction in the quantity of water abstracted and stored in reservoirs, consequently, 
there will be shutdown of most public supply points since water quantity is no longer 
enough to freely satisfy the population. 


Adaptation Measures 


Households and stakeholders have put in place a wide range of measures to adapt to 
rainfall variability and reduce its effects on water supply in Bamenda I. They range 
from drilling of boreholes and wells, spring source coverage, use of rainwater 
collection systems (during rainfall episodes), and through the application of water 
catchment protection and management measures such as construction of life fences, 
planting of water friendly trees, slanting and enlarging river banks, and engaging the 
local population in catchment protection. 


Drilling of Boreholes Wells 

Surface water sources have become exposed and vulnerable to climatic and envi- 
ronmental hazards such that people were forced to adapt through use of alternative 
water source. This change was from the use and dependence on surface water 
sources to groundwater source, which are less exposed and sensitive to the effects 
of climatic hazards. These surface water sources include boreholes and well. 


Spring Source Coverage 

To reduce the effects of runoffs, mudflow, and consequent pollution on spring 
source, the local population constructs protective layers on spring sources. These 
layers are locally constructed using cement and sand (Plate 4, Photo 2). This is done 
by joint contribution from the inhabitants of the quarters concerned. 


Use of Rainwater Collection System 
The use of rainwater over the years has gained its importance as a valuable 
alternative or supplementary water resource. This is due to the growing scarcity of 


Photo 1. Photo 3. 


Plate 4 Adaptation to climate-induced effects on water sources 
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ground- and surface water caused by extreme weather conditions. Households 
therefore witness waters shortage and seizures in the dry season as well as in the 
rainy season. Seizures in the rainy season are often because of intense rainfall that 
creates damages around stream catchments preventing water inputs and limiting 
supply. To remedy water shortage during these periods, some households install 
rainwater collection systems to increase their water supply. Others use containers to 
collect water dripping directly from roofs. All these measures are clearly illustrated 
on Plate 4. 

Plate 4 illustrates adaptation measures mainly by the local population to combat 
the effect of climate extreme on water sources in other to maintain and perhaps 
increase domestic supply quantity. Photos 1, 2, and 3 shows use of wells, spring 
source coverage, and rainwater collection system, respectively. 

Photo 1 shows a domestic well, and it consists of a digged hole down to the water 
level. Its water is stored within the hole, and its depth is less compared to that of a 
borehole. This water source is less vulnerable to climatic extremes, and it ensures a 
steady supply regardless of seasons. Its steady supply is because it is alimented by 
aquifers, which are less vulnerable to extreme weather conditions. This water source 
is therefore used as an adaptive source. 

The arrow in Photo 2 points out the protection chamber constructed on a spring 
outflow. This is to prevent the runoff and mudflow into spring sources. This 
preventive measure will ensure steady water supply without interruptions especially 
during and after rainy periods. This situation is common in Ntanche and Aningdoh, 
respectively. Photo 3 illustrates a household rainwater collection system and this 
system is used to harvest and store water from roofs during rainfall episodes. 
Rainwater harvesting and storage is done with pipes, which are connected to gutters 
permitting to link water from the roof to the storage containers. Water is harvested 
and stored for further use, especially when the stream supply system fails. 

Other domestic measures of adapting to water shortage brought by extreme 
weather conditions includes: increase use of storage containers, buying mineral 
water from shops and from water vendors, regulating water use, use of stream 
water, and practicing of household water treatment and storage measures. Those 
with borehole at times use generators to pump water into reservoirs during periods of 
power failures. This is common in dry season due to a fall in dam discharge caused 
by excess meteorological drought that reduces water recharge in the dams. This 
reduction in water recharge reduces power supply to the electrical system, and this 
increases the rate of power failures. As such, those with electrical-based water 
systems are forced to use alternative power supply measures to electrify their 
systems. The frequency of implementation of adaptation measures depends on the 
extent to which rainfall variability affects their sources of supply. 


Adaptation Through Catchment Protection and Water Management 
Measures 

Water catchment management (WCM) refers to a range of measures and policies 
implemented on water catchment in other to reduce environmental, climatic, and 
anthropogenic actions. It equally involves the management of water catchment 
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through taking precautionary measures to prevent or reduce environmental and 
climatic hazards on drainage basins and or catchment areas. It also concerns the 
sustainable use of water resource and land within the watershed. Actors involved in 
these activities include the Ministry of Water and Energy (MINEE), the Cameroon 
Water Utility Corporation (Camwater), and the Bamenda I sub divisional council. 
There is equally the role of the local community and anonymous individuals. These 
WCM measures are aimed at providing sustainable supply of water in terms of both 
quantity and quality of water. They include: 


Construction of life fences. 

To fight against erosion, there was the planting of life fences round the water 
catchment areas, both by the subdivisional council and the Camwater. These 
fences are made of wires and backed up by trees to prevent excess erosion from 
the surrounding into catchment and river channels. They equally help to prevent 
grazers from invading the catchment with their cattle. All these measures reduce 
the rate of damages by erosion on river channel as well as prevent the abuse of 
water resource by grazer. 

Planting of water friendly trees. 

To combat the problem of excess hydrological droughts in Bamenda I, there was a 
massive planting of water conservation trees (50,000 Pygeum africanum tree) 
around water catchments. This was done by both the Bamenda I subdivisional 
council and the Bamendakwe Development and Cultural Association 
(BAMEDCA). This tree has a little quantity of water uptake and disfavors 
transpiration. It equally has a large canopy that sheds the catchment and prevents 
evaporation. Its roots equally hold soil particles together, thereby limiting occur- 
rence of landslides in water catchment. On the other hand, there is a strict 
restriction on the planting of eucalyptus trees around water catchments. This is 
due to their high water needs and uptake. All these reduce the level of water lost, 
thereby conserving water within catchments and ensuring sustainable supply. 
Slanting and enlarging riverbanks. 

Due to the occurrences of landslides along river courses, there was the need to dig 
along riverbanks in other to gentle the slopes and reduce the action of gravity, 
which often bring down landmasses along steep riverbanks. Slanting in most 
cases widens the riverbed, this reduces both the level and the strength of river 
flow, and this will therefore reduce the erosive action of the river on its banks. 
This activity is at times accompanied by the planting of trees along river banks 
which hold soil particles together and reduce the movement and land masses into 
river channels. This activity 1s mostly carried out by Camwater. 

Engaging local population in catchment protection. 

This involves giving scientific knowledge to the local population on how the 
catchment operates, thereby permitting them to protect the water catchment at the 
local level and ensuring a lasting supply of water in catchments. This includes 
sensitizing the local population (especially those around the catchment) on 
sustainable agricultural practices around the catchment, such as the importance 
of agroforestry and antislope wise cultivation in other to prevent and reduce 
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excess erosion and deposition of sediments in river channels. It equally concerns 
placing restrictions on practices such as grazing within water catchment, farming, 
and deforestation along river courses. It also involves restriction on waste dis- 
posal in river channels and around water catchments, since solid and liquid waste 
disposal in rivers and open space leads to diverse kind of health problems 
including water and airborne diseases (Achancheng et al. 2003). On the other 
hand, this is concerned with the massive participation of the entire community 
around water catchment during activities such as planting of trees and building of 
life fences. A reduction in these activities and participation of the local population 
will provide a friendly milieu for conservation of water in the catchments and 
hence to improve water resources while ensuring the productivity of any water 
body for the community that depends on it. 


Adaptation measures are equally implemented on storage and distribution facil- 
ities. This was in a bit to increase water collection, storage, and hence distribution. 


Adaptation on Storage Facilities 

To address the problem of water lost to the environment by natural springs, amend- 
ments were made on spring sources and reservoirs constructed on them to collect and 
store flowing water. There was equally the construction of water tower to abstract 
and store water from aquifers, all these in a bit to store water and prepare for periods 
of high water demand. Doing so equally reduces the direct impacts of climate 
extremes on springs especially pollution from runoff and mudflow due to intense 
rains. This was done by the Bamenda I subdivision council and by the Cameroon- 
China cooperation. These reservoirs were constructed at Menka, Abangoh, and 
Mendankwe with a carrying capacity of 18 m? each. 


Adaptation on Distribution Facilities 

To limit the damaging action of erosion, floods, and other external factors on 
pipelines, the water management committee proceeded to the use of metallic pipes 
on strategic points (in highly vulnerable zones to erosive actions) on the distribution 
network. There was equally a considerable increase in depth of pipelines especially 
in areas with loosed soil particles. These were aimed at minimizing damages on pipe 
network in other to maintain supply. The water management committee equally puts 
in place distribution trucks (mobile reservoir) to ensure supply especially to extreme 
quarters on the distribution network. This is mostly common in the dry season were 
pressure is not enough to pump water to all localities due to low water levels in 
reservoirs. This service is common in Achichum, which is furthest on the distribu- 
tion network, and sometimes in Ayaba, which is higher in altitude. In most cases, the 
trucks are recharged in areas with adequate water supply and distributed in those 
with limited supply. All these facilities will therefore increase supply in periods of 
shortages and in vulnerable zone, thereby increasing the total quantity of water 
supply in Bamenda I. In addition, during situations where available water cannot 
adequately satisfy the entire population, there is water rationing to ensure equitable 
supply to all subscribers. 
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Conclusion and Future Prospects 


Rainfall is one of the climate parameters which affect water in the entire drainage 
basin, thereby leading to consequent effects on rivers and their tributaries. This study 
was based on the impact of rainfall variability on the quantity of water supply in the 
Bamenda I municipality. Rainfall amounts in the municipality fluctuate around the 
normal. Its variability is indicated through fluctuations in interannual rainfall vari- 
ability and anomalies, and through monthly rainfall variability and anomalies. These 
anomalies are either positive or negative indicating periods of more or less rainfall 
amounts. Rainfall variability equally manifests through variations in number of rainy 
days and through fluctuations in rainfall intensity. The rainfall regime was gotten 
using climatic indices, and the Pearson’s correlation coefficient was conducted to 
determine how quantity of water supply responds to rainfall variability. However, 
rainfall conditions seasonal variation in quantity of water supply to an extent, since 
supply is generally higher in rainy than dry seasons (direct relationship), though 
some cases occurred where periods of intense rainfall instead leads to a drastic 
reduction in supply (inverse relationship). Extreme weather events such as heavy 
rains, flooding, and drought are increasingly becoming common in the municipality. 
Their occurrence distorts the functioning of both the hydrological cycle and the 
water system, thereby affecting the quantity of water supply in the municipality. 


Future Prospects 


Since the study was carried out in the Bamenda I municipality (Bamenda highlands), 
there is need for further research to expand the geographical scope of the study, in 
other to do a comparative study of two different drainage basins or water catchments 
to assess the level of responsiveness of water resources to rainfall variability. 

Result from the study showed that beside rainfall variability, there exist other 
factors, which greatly affect quantity of water supply in Bamenda I. Therefore, 
further research should be carried out in other to access the validity of these factors. 

Equally, an improvement in hydrological research will provide a room for 
adaptation measures. This is because more research in the domain of water supply 
will identify more threat to the natural functioning of water catchments (drainage 
basins), and therefore more suggestion will come up to improve adaptation measures 
on water catchment. 
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‘Abstract 


It is apparent that climate change affects every facet of life as no living organism 
lives outside of the universal environment (air, water, land), and all of these are 
affected by one or more climate or weather conditions. Climate affects agriculture 
and vice versa as they are deeply interconnected. The effect of climate change on 
agriculture goes a long way to increase or decrease food security and invariably 
food nutrition through its impacts on agricultural lands. This is because the more 
food insecurity there is, the more issues of undernutrition are observed. 

This chapter studies the different ways climate and climate change affect crop 
production through the different sections of agriculture in terms of plant diseases 
and biocontrol, food production, livestock rearing, fish production, forestry, and 
microbial diversity. It goes further to look at the different ways nations and 
communities are adapting to climate change to mitigate the challenges of food 
insecurity and nutrition. Finally, some of the solutions that can be pilot tested 
at the community level, which can later be cascaded to national and regional 
levels, are also emphasized. Other recommendations that can become a research 
focus to forestall this threat are also highlighted and would be important in policy 
development. 


Keywords 


Climate change - Environment : Food availability : Food production : Food 
security : Nutrition * Soil - Weather 


Introduction 


Food security has been affected by a change in climate and weather conditions 
globally. Recently it is also obvious that food nutrition security needs to be 
addressed. Agriculture is important for food security in two ways: it produces the 
food people eat and (perhaps even more important) it provides the primary source of 
livelihood for 3696 of the world's total workforce (ILO 2007). The Food and 
Agriculture Organization (FAO) of the United Nations (UN) defined food security 
at the World Food Summit in 1996 as “when all people, at all times have physical 
and economic access to sufficient, safe and nutritious food to meet their dietary 
needs and food preferences for an active and healthy life" (Food and Agriculture 
Organization 1996). Food security transcends food availability (production, distri- 
bution, and exchange) but also include how food is accessed (affordability, alloca- 
tion and preference), utilized (food safety, nutrition, and social value) and also how 
it is distributed in the supply chain (food stability) (Ziervogel and Frayne 2011). This 
also means that it is not just about food but how available food is. And even when 
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it is available, communities and individuals might be food insecure if they are not 
able to access food either because of monetary incapacitation or because of lack of 
knowledge of where to acquire the food, based on their livelihoods and socioeco- 
nomic level. It could also be as a result of how safe the food is especially in terms of 
processes followed during food preparation (Ziervogel and Ericksen 2010). 
Agriculture, forestry, and fisheries have all been affected by climate change, and 
they have contributed to the increase in greenhouse gas emissions, thus affecting 
climate change negatively. The solution to climate change also partly lies within this 
sector, if agriculture is able to mitigate climate change through reduction of green- 
house gas emission during sustainable agricultural practices (Al et al. 2008). 
Adaptation to climate change can constitute a range of interventions across all 
levels from individuals to communities to regional and national level. As observed 
by Bierbaum et al. (2013), communities can initiate their climate adaptation efforts 
in numerous ways. For example, in the United States, some diverse strategies 
employed by different communities to combat the issue of climate change include: 


* Focusing on internal operations 

* Beginning with a sector that is particularly vulnerable to climate change 
* [ntegrating climate change concerns into existing planning approaches 

* Conducting a community-wide assessment 


The results from these experiments with adaptation strategies demonstrate that 
there is no “one size fits all” adaptation process or adaptation action (Bierbaum and 
Stults 2013). This is quite important to note in adaptation plans; however, the 
information required and the approached to adaptation can be similar across regions 
and sectors. Therefore, strategies that encourage data and best practices sharing, 
practical approaches, collaborative, and integrative processes will be important in 
developing adaptation plans in different countries. 


Climate Change and Reality 


Climate change occurs when changes in the Earth's climate system result in new 
weather patterns that last for at least a few decades and maybe for millions of years. 
Effects of climate change are seen in the frequency and severity of extreme weather 
events including droughts, floods, new rainfall patterns, and heatwaves. Increases in 
temperature have led to an escalation in the distribution of weeds, pests, and diseases 
some of which are a threat to marine life, plants, animals, and humans. In the same 
vein, an increase in extreme weather events has led to soil erosion (by water and 
wind) and loss of arable land for forestry and agriculture. 

Impact of climate change on food production cannot be overemphasized; it 1s 
enormous and felt more acutely in developing and the least developed nations 
(Fig. 1). Flooding and droughts have been observed to ruin crops and pastures 
already being cultivated on the fields. Losses due to floods and droughts between 
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Fig. 1 The interrelatedness between climate change, food security and nutrition showing the 
impact of climate change on food security. (Adapted from FAO 2016) 


2004 and 2014 have been estimated to be over 100 billion USD globally (Food and 
Agriculture Organization 2015; Brida et al. 2013). 

Agriculture and fisheries are extremely climate dependent. Temperature and 
carbon dioxide (CO;) increases in some areas can increase some agricultural 


39 Climate Change Adaptation: Implications for Food Security and Nutrition 739 


productivity. Nevertheless, the higher demand for nutrients, soil moisture, water 
availability, and other requirements must also be met in order to realize these 
benefits. Changes in drought and flood frequency as well as intensity can present 
severe threats for farmers and ranchers and therefore threaten food safety (Ziska et al. 
2016). In addition, warmer water temperatures are likely to trigger a change in the 
habitat ranges of many species of fish and shellfish, which may threaten ecosystems. 
Furthermore, climate change could make it harder to produce food and fish and raise 
livestock in the same way and in the same places as in the past (Chen 2015). 


Climate Change Adaptation and Mitigation 


Adaptation to climate change is a way of responding to global climate change 
(also called “climatic change" or “anthropogenic climate change"). According to 
The Intergovernmental Panel on Climate Change (IPCC), adaptation is sequence of 
modifications to actual or expected climate and the impacts of the modification. 
Adaptation 1s aimed at mitigating or preventing harm or manipulating beneficial 
possibilities within human systems. Sometimes, the contributions of human beings 
enhance adaptations to these modifications and its impacts (IPCC 2014). This 
requires intentional efforts in the human environmental system to adapt behavioral 
patterns, lifestyles, and perceptions that can lower the risk to human lives and 
livelihoods, while mitigation involves coordinated actions to reduce long-term 
emissions of greenhouse gases (Al et al. 2008). In contrast, climate change mitiga- 
tion means reducing greenhouse gas emissions and short-term sequestration and 
processing of coal and even more significantly by making infrastructural decisions 
that will reduce risk by reducing long-term emissions. While the entire food system 
is a producer of greenhouse gas emissions, still the most important component is 
primary production. Incentives are required to encourage producers, agribusinesses, 
and managers of biodiversity to follow good practices to mitigate climate change. 


Food Production and Climate Change 


Climate change will affect food production and welfare of food animals (i.e., 
livestock, poultry, and fish) in several different ways. Consider the production of 
livestock that will probably be restricted by climate change as consumption of water 
by livestock is expected to increase by a factor of three. The need for arable land for 
pastures and feed production will increase because of a 7096 increase in demand for 
agricultural products. Food safety issues also become important because around one- 
third of the world's cereal harvest is used for animal feed (Rojas-Downing et al. 
2017). Furthermore, 14.5% of global greenhouse gas (GHG) is produced by the 
livestock industry. The livestock sector will therefore be a key player in reducing 
GHG emissions and enhancing global food security in the future (Rojas-Downing et 
al. 2017; Gerber et al. 2013). 
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Climate change and competition for land together with water and food security 
are likely to adversely affect livestock production at a time when it is most wanted 
(Thornton 2010). The output efficiency of feed conversion ratios for food, dairy, and 
egg production could be felt as a result of losses due to climate change. Increasing 
temperatures can also lead to death of food animals, as was noted by the deaths 
of more than 30,000 dairy cows in California and also in reduction of the overall 
production of milk in 2006 (Pitesky et al. 2014). Temperature affects most of the 
critical factors for livestock production, such as water availability, weight gain (feed 
conversion ratio), reproduction (semen quality, cow calf efficiency), and general 
health. A combination of increases in temperature, CO». and variability in precipi- 
tation influences the quantity, quality, and availability of forage and grain feed crops. 
Livestock diseases are affected primarily by an increase in the variation in temper- 
ature and precipitation (Thornton 2010). 

Changes in land use, food production, animal production, manure, storage 
and transportation, and livestock all influence local and global weather patterns. 
Production of feed and manure releases CO;, nitrous oxide (N20), and methane 
(CH3), thereby influencing climate change. Therefore, livestock production systems 
increase emissions of CH4. The production and transportation of animal products 
and improvements in land use contribute to increased CO, emissions. Research on 
the impact of climate change on livestock production is still minimal and need 
renewed attention (IPCC 2014). 

Insects are ectotherms and are highly sensitive to their surrounding environmental 
conditions particularly the temperature; therefore temperature is a major factor affect- 
ing their reproduction (Kambrekar et al. 2015). This means increases in temperature 
for both edible and disease-causing insects could increase their reproductive cycle up 
to five cycles in a single year, which could affect farm food production negatively in 
terms of crop stress and yield loss. For beneficial insects, this increase in temperature 
will lead to increase in their metabolism (Kambrekar et al. 2015). Perhaps this provides 
an opportunity to develop new food systems based on insect production, either as feed 
for livestock and fish or directly for human consumption. 

The possible effects of changing climate on insects could result in outbreaks, 
migration, change in biodiversity, species extinction, change in host shift, and 
emergence of new pests or biotypes. Due to the climate change, there is an increase 
in insect pest population, more outbreaks of insects, increased number of genera- 
tions, as well as development of resistant biotypes (Moore and Allard 2008). 

Fish plays an important role as a source of nutrients and micronutrients for 
human consumption, and fishing is a crucial food-producing sector and a source 
of livelihood for coastal farmers. Both fisheries and aquaculture make a significant 
contribution to food security and the livelihoods of millions of people as job creators, 
nutritious food providers, revenue generators, and economic growth through 
harvesting, processing, and marketing fish. Especially susceptible to climate change 
are small-scale fisherfolk and small-scale aquaculture. Their vulnerability is the 
function of both their location and their circumstances of vulnerability and dis- 
advantage. Fishing and fishing communities are exposed to extreme climatic 
conditions and natural hazards, such as hurricanes, cyclones, sea level rise, ocean 
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acidification, flooding, and coastal erosion, as they are mostly situated on the 
coastline. Millions of people living in the lowlands of coastal regions and the 
floodplains cannot escape regular flooding. Climate change affects living conditions 
as well as physical well-being of humans across many agro-forest ecosystems 
of the world (FAO 2016). 

Forests are a climate-stabilizing force. They control habitats, preserve biodiver- 
sity, play an integral role in the carbon cycle, improve living conditions, and provide 
goods and services that can boost sustainable growth (Bonan 2008). A forest's 
position in climate change is that it both causes and mitigates greenhouse emissions; 
therefore, there are both pros and cons. Impacts of climate change on forests result 
from variations in atmospheric CO, concentration, and shifts in temperature and 
precipitation regimes, as well as an increase in climate variability reflected by 
increasing frequency and severity of extreme events. Change in climate will affect 
tree photosynthesis, rates of growth, leaf phenology, seed production, and cycling of 
nutrients (van der Meer et al. 2002). In some regions, forest form a vital resource for 
the community. For example, tropical forests cover about one third of the Kafa 
highland region of Ethiopia where a multiple tenure system exists for the utilization 
of the forest resources (Zewdie 2003). These include sharecropping and allocation of 
trees to sons when they come of age. However, the beekeeping and wood processing 
skills also need to pass from one generation to the next to maintain sustainable 
livelihoods (Zewdie 2003). Therefore, climate change effects on such forests will 
have a major impact on the livelihoods of the people. 

The land management sector, the second largest driver of greenhouse gas emis- 
sions after the energy sector, accounts for around 25% of global emissions. Around 
half of these come from deforestation and habitat destruction (5-10 Gt COze per 
year). Planting of forests and commercial plantations are among the most important 
strategies to address climate change effects. It is estimated that 2.6 billion tons of 
carbon dioxide, which is one-third of CO; from burning fossil fuels, is absorbed 
annually by forests. Projections show that there are nearly two billion square 
kilometers of worldwide degraded land — an area the size of South America - that 
can open up opportunities for restoration. Therefore, forest growth and preservation 
is an important solution to address the impact of climate change. 

There are four major strategies available to mitigate carbon emissions through 
forestry activities: 


* Byreforestation (Bierbaum et al. 2013) 

* [ncreasing the carbon content of natural forests on both stand and landscape 
scales 

* Expansion of the use of forest products that replace CO, emissions from fossil 
fuels sustainably 

* Reducing deforestation and degradation emissions 


Climate also adversely affects the production of food crops that are highly 
sensitive to climate parameters. Long-term trends in average rainfall and tempera- 
ture, interannual variability in climate, shocks during specific phenological stages, 
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and extreme weather events affect food production (IPCC 2012). Some crops are 
more tolerant to certain stress types than others, and different stress types affect each 
crop species in different ways at each phenological development stage (Simpson 
2017). Even though, crop yields are expected to decline under climatic conditions 
in the future, crop yields are already being affected as indicated by recent research 
(Ray et al. 2019). 

As climate changes, crop production strategies must change also. There will 
always be some uncertainty associated with modeling the complex relationships 
between agricultural yields and future climate scenarios. 


Climate Change Impact on Food Availability 


Food availability is determined by the physical quantities of food that are produced, 
stored, processed, distributed, and exchanged (AI et al. 2008). Food production is 
affected by climate especially in regions where biochemical processes are being 
influenced by climate change. Some of these influences could be positive, negative, 
or even neutral (Allen Jr 1991). Location is a determinant of how the effect 
of climate change will be experienced in different regions (Leff et al. 2004). 
In temperate regions where elevated levels of CO» will increase plant growth and 
development, greenhouse fertilization effect is beneficial so crop yields will also 
increase. Such increase is observed to be as high as 0—10% increase in crops with 
very high photosynthetic efficiency, while those crops with lower efficiency have 
higher increase from between 1096 and 2596. In such scenarios, the assumption 
is that the level of CO» in the atmosphere will increase to 550 parts per million 
(Tubiello et al. 2007; IPCC 2007). In some cases, increase in temperature between 
1 °C and 3 °C is beneficial to plants in temperate regions; however, in tropical and 
seasonally dry regions, the impact is negative on crops especially cereals that are 
already growing near to their optimal temperature regime. Nevertheless, the impact 
is negative on all crops when the increase in mean temperature is more than 3 °C 
(IPCC 2007). 

Such temperature increase will also impact livestock production as the growth 
of feed crops is also compromised and become an indirect effect on livestock 
production (Porter and Semenov 2005). Direct effects are related to exposure to 
solar radiation that then affects the exchange of heat between the animal and the 
environment (Rust and Rust 2013). This is critical, as many livestock breeds are not 
tolerant of high temperatures (Rust and Rust 2013). Forage production from 
rangelands in Africa is sensitive to changes in climate and will have a substantial 
impact on the livelihoods of more than 180 million people who raise livestock on 
rangelands (Boone et al. 2018). Climate effects on forage quality that depends on 
nutrient composition and affects digestibility, partitioning of metabolized products 
in the digestive tract, and intake of forage by animals will strongly affect animal 
performance. 

Some drastic changes in the farming system sometimes have to be introduced, 
such as a change from sheep and cattle to goats, as they are the only domesticated 
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animals with a versatile ability to adapt to a changing climate more readily than any 
other ruminants. Generally, goats are less affected by the harsh hot dry climates 
compared with other ruminants. Some of their ability to adapt is due to their habit of 
browsing together with the anatomical advantage of the upper lips. Therefore, goats 
can thrive well with limited feedstuffs, especially in arid and semiarid regions 
(Pragna et al. 2018). Another advantage is that during feed scarcity, goats can reduce 
their metabolic processes to conserve energy resource (Yadav et al. 2013). Therefore, 
they provide a continued supply of meat despite increases in temperature and 
frequencies of drought. 


Climate Change Impact on Food Accessibility 


“Climate change is becoming something we can taste" (Little 2019). According to 
Little (2019), this is the age of diversity and accessibility of food. Food accessi- 
bility is a function of being able to maintain and manage what one is entitled to, 
which is defined as the collection of assets (including legal, political, economic, 
and social) needed by a person to gain access to food (Sen 1989, cited in FAO 
2003, Sage 2014). 

Food accessibility refers to ability to own food, distribute it, and make food 
choices which allows people to turn their hunger effectively into demand (Sage 
2014). Since food accessibility focuses on the power of households/individuals to be 
able to spend money, and the group dynamics of access to food, poverty, and 
vulnerability are key functions of it (Ziervogel and Frayne 2011). 

Households have been observed not to grow their foods independently but either 
buy, trade, or exchange them (Du Toit and Ziervogel 2004). The ability to acquire 
food by households can be impacted by climate as it influences either the job 
opportunities or the availability of such foods may influence non-availability of 
some foods leading to increase in price, which could also make such foods 
unaffordable, thereby impacting on individual's nutrition and health. When there 
is an increase in price, low-income earning families are at the receiving end, so 
when they cannot purchase such foods, they either eat less preferred foods or reduce 
quantities of food eaten, making food prices very important to food security (Pretty 
et al. 2005). 


Climate Change Impact on Food Utilization 


Food utilization refers to how food is used and how individuals can obtain vital 
nutrients from the food they eat. This includes the nutritional benefits of the food, the 
nature and method of processing the food, and the way the society views each food 
that also determines when if and when such foods should be eaten. Also included are 
the knowledge of the quality and health of the food, which determine if there would 
be nutrient loss or the susceptibility of the food-to-food-borne diseases if below 
standard (FAO 2008). 
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When there is insecurity of food, dietary diversity 1s reduced, and this could lead 
to non-availability of nutritious food that form basis of balanced diet of the populace. 
This scarcity could be as a result of water scarcity, drought, or labor from climate 
change and variability. This impact of climate change on food utilization is indirect 
because its effect is ultimately felt on the effect of income and capacity to purchase 
a diversity of foods. 

The way the food is utilized by the body affects the nutritional status of individ- 
uals and informs the susceptibility of such individuals to diseases. This is observed 
as changes in human health that has been affected by new disease patterns created as 
a result of the response of different pests and vectors to climate change. As climate 
change increases, there are more waterborne infections and diseases in areas that 
are prone to flooding. This is because there will be increase in the population of 
pests and vectors, and new diseases will emerge, which can affect plant's growth 
and ultimately the food chain. As a result of the diseases, people's physiological 
capacity to obtain necessary nutrients from the foods consumed will be affected. 
Therefore, they can become nutritional food insecure despite the supply of food 
being sufficient (FAO 2008). 


Climate Change Impact on Food System 


Yields of crops particularly crops grown on an annual basis will fluctuate as a result 
of the change in rainfall and temperature patterns; these changes will affect the 
continuous supply of such crops (Al et al. 2008; Ali et al. 2014). Droughts and floods 
will become more frequent because of climate change, and this will adversely affect 
stability and availability of food leading to food security. Therefore, in local com- 
munities, the food system will be adversely affected by the timing and amount of 
rainfall in different seasons because most agricultural systems in such communities 
are rainfed (Al et al. 2008; Ali et al. 2014). 

Grain reserves are used to mitigate for crop failures in disaster situations and to 
sustain food aid programs for displaced persons and refugees. For grain to be kept as 
reserves, they have to be properly stored or preserved correctly. When humidity and 
temperature increase because of climate change, some areas become unfit to store the 
grains, and additional funding will be required to store or preserve them. Invariably 
because ofthe higher cost, the ability of many underdeveloped countries to maintain 
sufficient grain reserves is limited or grain reserves can be inadequate to respond to 
natural or human disaster (Al et al. 2008; Edame et al. 2011). 


Impact of Climate Change Adaptation on Food Security and 
Nutrition 


A significant effect of global climate change is the altering of global rainfall 
patterns, with certain effects on agriculture (Ali et al. 2014). Climate change 
will have variable impacts on agriculture based on multiple factors including 
changes in temperature, precipitation, and humidity (Pitesky et al. 2014). Rainfed 
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Table 1 The impact of climate change on food security 


Climate change Impacts 

Increase in average temperature Reduced quantity and reliability of agricultural yield 
Increased heat stress in livestock 
Destruction of crops or lowering crop productivity 


Decline in certain fish stocks due to increased sea 
temperature 


Change in amount of rainfall Reduced water availability for crop and livestock 
Heavy reliance on irrigation 
Poor quality of crops due to deteriorating water quality 


Increased severity of drought Decreased crop yield 
Increased probability of fire 
Increased intensity of extreme Soil erosion 
events Increased land degradation and desertification 


Inability to cultivate land 
Damage to crops and food stores 
Source: Masipa (2017) 


agriculture constitutes 8096 of global agriculture. Many of the 852 million poor 
people in the world live in parts of Asia and Africa that depend on rainfall to 
cultivate food crops. Climate change will modify the components of the water 
balance, namely, rainfall, evaporation, runoff, and soil moisture storage. This 
means that the full crop water requirement will not be satisfied in such a growing 
season. Extended drought can cause the failure of small and marginal farms with 
resultant economic, political, and social disruption, more than is currently 
observed (Table 1). 


Crop Diseases and Effects on Crop Yields 


Crop diseases are very important because of their economic impact (Esker et al. 
2012), and how they are managed can have a large influence on agricultural 
productivity (Savary et al. 2012; Carroll et al. 2017). The growing population of 
the world and the overall reduction in global production of staples such as rice and 
wheat due to climate change (Ray et al. 2019) are two fundamental challenges that 
need to be tackled, with crop protection against diseases having an obvious role 
to play in bringing solutions to these challenges. Crop diseases affect the life cycles 
of any growing plant. They affect crop production from seedling stage through 
budding, flowering, and fruiting until harvesting. Crop diseases that occur during 
seedling and budding stages will in most cases cause the death of the plants as the 
growing point is damaged. These deaths lead to complete crop failure and high 
losses. In addition, losses at the time of harvest in most cases cause the reduction in 
yield in terms of size and quality and thus also a reduction in overall production 
(Savary et al. 2012). Therefore, loss of crops caused by pests, infections, or even 
weeds or animal attacks is a risk to farmers, their family or household income, and 
food security worldwide. Losses of crops due to yield reduction can be defined 
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qualitatively and quantitatively (Cerda et al. 2017) in terms of the reduction in the 
value of the crop or the financial gain from crop sales. 

In order to assess crop loss based on decrease in yield of crop, the variance 
between the real yield (Y) and the attainable yield that can be obtained (Ya) is taken 
into consideration as Ya — Y according to the definition of crop loss by Esker et al. 
(2012). The attainable yield can be achieved based on the different climatic and 
environmental conditions at specific locations without the impact of pests, patho- 
gens, and weeds as well as other influences that may decrease yields within available 
production techniques. These climatic conditions among others include temperature, 
rainfall, solar radiation, and soil composition. The influence of pests, diseases, and 
other limiting factors in the actual sense and in real-life situation is reflected on the 
real yield (Esker et al. 2012; Savary et al. 2006). 

Plant diseases are not just important because of their impact on crop yield, which 
is quantitative, but also their impact on the quality of the grain or product. As crops 
are attacked by disease pathogens, toxins are released into these crop which reduces 
the quality of the crop and can also cause infection in both animals and humans 
(Gururani et al. 2012). 


Climate Change Impact on the Spread of Plant and Animal Pests and 
Diseases 


Climate change can influence trends in seasons and the prevalence of disease- 
causing organisms and vectors and therefore also the use of herbicides and fungi- 
cides (Boxall et al. 2008). These reactions will vary among crops and geographical 
location. As a result of climate variability, the use of pesticide is expected to increase 
in the United States (Chen and McCarl 2001). Nevertheless, the estimated effects 
of climate change on pesticide use are a function of the type of crop and the 
geographical location. For example, from the United States, in Kansas and Colorado, 
the projected use of pesticides on wheat increased by 14% and decreased by 10%, 
respectively, while that of Illinois differed based on which crops was planted with 
increases on corn and decreases on soybean by 10% and 3%, respectively (Harrus 
and Baneth 2005). This shows that when there is an increase in temperature due 
to climate variability, there could be an outbreak of pests, pathogens, and/or vectors 
and their hosts (Lake et al. 2012). This outbreak could also lead to the use of more 
biocides and veterinary medicines in livestock management and eventual resurgence 
of antibiotic-resistant pathogens in both animal and human populations (Lake et al. 
2012; Kemper 2008). 


Climatic Conditions Favoring Crop Diseases: Wheat Rust Disease 
Example 


As climate changes, the way disease pathogens adapt to the environment also 
changes leading to new disease occurrences (Fig. 1). For example, it was observed 
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that warmer weather conditions favor the establishment and progress of wheat stem 
rust infection (Saunders et al. 2019). In certain regions of the world, during early 
growing season, high temperatures are experienced. This can cause the wheat plants 
that mature early to be at risk of the stem rust infection due to not being able to resist 
the buildup of the fungal inoculum (Saunders et al. 2019). This is because stem rust 
mainly needs warmer conditions for infection (Saunders et al. 2019). For example, 
in Germany in 2013, winter wheat production was hindered by a wet winter with 
low temperatures, and early warm summer temperatures led stem rust infection 
afterward. (Olivera Firpo et al. 2017). 


Climatic Change Impact Postharvest 


Over 80% of attainable yield of cotton and over 50% for other crops would be 
affected by pests and diseases with resulting effects on humankind. These effects 
which also include spoilage during postharvest and storage are felt more in resource- 
poor regions (Oerke 2006). It is estimated that an average of 13% of global harvest is 
lost to pests and diseases, and an average of 9% to postharvest losses especially in 
developing countries that lack the infrastructures to store harvested crops (Oerke 
2006). In some cases, such infrastructures are destroyed due to climate change such 
as storms, hurricanes, and tornadoes (Agrios 2005). Also, destruction caused as 
a result of plant diseases can be far reaching and alter the course of society and 
political history (Chakraborty and Newton 2011). 

Storms have led to loss of crops, livestock, and infrastructure and increase in the 
cost of grains as a result of increase in production cost. This increase also leads to 
lack of resource power of the minority poor in gaining access to food and invariably 
increases food insecurity. 

The production and quality of essential food crops are hindered by plant diseases, 
which also affect food quality and safety. Besides reducing yield, they have signif- 
icant effects on human and animal health. As a result of global climate change, the 
challenge of mycotoxins and pesticide residues are serious safety issues to be 
mitigated (Miraglia et al. 2009). Mycotoxins are important as they cause serious 
health issues because of the interactions between fungus and plant cells, which are 
also stimulated by conducive weather conditions and the soil type. In some areas like 
the United States, increases in temperature increased the production of mycotoxins 
such as aflatoxins, while in other regions like Australia, increase in temperature 
could be effective in the reduction of fungal growth and invariable mycotoxin 
production (Russell et al. 2010; Lake et al. 2012). 

Climate change may affect the transport of pathogens and chemicals into food 
from flooding and wind bearing aerosols from contaminated environments and may 
change the composition of the transported materials (Plumlee et al. 2005; Boxall et 
al. 2008). This is also observed in the transportation of food crops from the farm 
before it is consumed where higher temperatures can favor the growth and replica- 
tion of bacterial population like Salmonella spp. leading to food poisoning (Lake 
et al. 2012). 
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Climate Change Impact on Microbial Biodiversity 


Climate change affects the diversity and types of macro- and microorganisms 
globally. Biodiversity can be measured at three levels, that is, genetic, species, and 
ecosystem level. Agriculture and the livelihood of most people globally depend on 
the genetic diversity of species and the types of species within the ecosystem (ten 
Kate and Laird 1999). Based on the adverse effect of chemicals in agriculture, and on 
human health and the environment, the use of chemicals is gradually being phased 
out to accommodate other techniques and technologies that can control plants and 
animal’s pests and diseases and reduce adverse effects currently experienced by 
living things and the environment. 

In order to achieve agricultural biodiversity, diseases and pests must be dealt with 
since they are one of the most deadly blows to food security. Seven thousand plant 
species and several thousand animal species have been used historically for human 
nutrition and health requirements (Toledo and Burlingame 2006). However, since 
the 1900s, only 12 crops and 14 animal species now provide most of the world’s 
food, so there is a very real threat to global biodiversity and also food security. 

Soil biological management techniques can improve crop yield and quality, espe- 
cially through controlling pests and diseases and enhancing plant growth. Soil biodiver- 
sity determines the resource use efficiency, as well as the sustainability and resilience of 
low-input agro-ecological systems, which ensure the food security of much of the 
world’s population, especially the poor (Paoletti et al. 2000). Part of the value placed 
on soil biodiversity is seen in biological control of pests and pathogens that improve 
plant health and thus also crop production and invariably improving local food security. 


Biocontrol of Plant Diseases 

Biocontrol is one of the integrated disease management practices that help to reduce 
yield loss of crops (Thurman et al. 2017). It is the control of plant diseases by 
applying living biological agents or exudates from such biological agents to the 
plants. The application could be via foliar application to the leaves or via the roots or 
seed inoculation prior to planting. Most biocontrol agents (BCA) are either from the 
bacterial or fungal families with a few from the viral and nematodal families 
(O’Brien 2017; Ajilogba and Babalola 2019). Some BCAs are either rhizospheric 
or endospheric microbes, as they attack the pathogens using different modes includ- 
ing phosphate solubilization, antagonism, and hydrogen cyanide production 
(Ajilogba and Babalola 2016). One important fact about biocontrol is that they are 
specific to pathogens and sometimes to crops making them very effective. Their 
effectiveness is also determined by the mode of inoculation, duration of inoculation, 
time of inoculation, and whether they are applied singly or in a mixture. Climate 
change also influences biocontrol because changes in the environment affect differ- 
ent dimension of agricultural production. In the context of climate change, with 
increasing temperature and variable rainfall patterns, changes are also observed in 
the cycling of nutrients and amount of soil water as a result of decreases in rainfall. 
The rainfall pattern also affects the patterns of incidence of plant pests, pathogens, 
and diseases, and invariably food production and security are ultimately affected 
(Lin 2011; Fuhrer 2003; Jones and Thornton 2003). 
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Ocean Acidification 


This is more of a recent phenomenon with climate change. It is one of the potentially 
most harmful and deleterious effects of climate change. Over 3096 of carbon dioxide 
produced in the atmosphere is absorbed by sea and oceans leading to the production 
of acids when carbon dioxide mixes with water. Most marine creatures cannot 
survive at low pH. Fish production is at a risk both directly and indirectly. The 
basic producers in the food chain such as planktons are also at risk, and this creates 
a reduction in food available to the large fish that consume then directly such as tuna, 
making them at risk of starving. Increasing acidity could harm shellfish by weaken- 
ing their shells, which are created by removing calcium from seawater (Doney et al. 
2014). Acidification also threatens the structures of sensitive ecosystems upon which 
some fish and shellfish rely (Hatfield et al. 2014; Ziska et al. 2016). Fish is not only 
a source of proteins and healthy fats but also a unique source of essential nutrients, 
including long-chain omega-3 fatty acids, iodine, vitamin D, and calcium. Therefore, 
the effects on climate change on the acidity of the oceans will cause a decrease in 
annual fish caught and processed at a good source of protein for humankind. 
Particularly in the Asian-Pacific region, fish protein forms a vital component of the 
diet (Needham and Funge-Smith 2014). It is not only true for small island states, 
with their strong dependence upon fisheries; it was also found in continental Asian 
countries even far inland due to large rivers, waterways, and many rice paddies. 
Therefore, the importance of fish in the diet should not be overlooked in discussions 
on nutrition and food security and expected changes under the climate change 
conditions. 


Conclusions 


Climate change is a reality, both at global and the regional scales. The magnitude of 
change is still uncertain and highly variable, as is the timing ofthe change. However, 
the severe nature of the impacts which climate change could have on all sectors of 
Africa's economy is becoming clear. The ability of individuals and communities to 
adapt to climate change depends on their vulnerability, exposure, and adaptive 
capacity. In turn, this is related to their financial and social capital, such as social 
networks and community cohesion. 


Recommendations 


Adaptation is a key factor that will shape the future severity of climate change 
impacts on food production; therefore, consideration of additional food such as 
underutilized crops and/or neglected foods can play a role in increasing food and 
nutrition supply. 

There is, therefore, a need for an integrated policy approach to protect the arable 
land. 
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Further assistance needs to be given to small-scale farmers in rural areas in order 
to strengthen their crop production. 

The restoration of forestation should be encouraged in order to make adequate use 
of forests to address climate change. 

Globally and whenever necessary, nations should specifically relate their mitiga- 
tion and adaptation initiatives to their policy decisions on environmental sustain- 
ability in agriculture industry. These policies should both be holistic and anti-poor in 
order to bridge the gap on the unequal effect that climate change may have on the 
different agricultural industries. 

Consideration should be given to the economic, institutional, and social impacts 
of climate change by making policies that will target the global poor and vulnerable 
especially gender based in order to help them create communities that are resilient 
and robust. 

Disasters caused by climate change in agriculture communities demand immedi- 
ate emergency relief response and comprehensive facilities such as shelters espe- 
cially in the animal farming communities. Such developments frequently involve 
initiatives that will provide opportunities for people to develop societies and coop- 
eratives that are stronger and more productive and thereby becoming more self- 
reliant. 

Adaptation and mitigation measures and strategies for climate change need to be 
designed and implemented through widely understood processes. Affected agricul- 
tural communities, organizations, the poor, and other vulnerable groups must be 
allowed to participate as stakeholders. 

Global and national relevant indicators to ensure the participation of the poor 
and vulnerable should be developed; this could be done by keeping gender-stratified 
data to predict and determine the impacts of climate change on them and also their 
geographic locations. 

Other recommendations include availability of suitable technology and decision 
support tools, removal of institutional barriers, and need for basic research to 
increase knowledge and information. 
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. Abstract 


Brachiaria grass is a “climate smart” forage that produces high amount of 
palatable and nutritious biomass for livestock and performs well in infertile 
soils, sequesters carbon in soil, and provides several environmental benefits. 
The objective of the study was to validate the productivity of Brachiaria grass 
and upscale the suitable cultivars for improved livestock feed resources in 
Kenya. We assume integrating Brachiaria grass into mixed crop-livestock 
system will enhance feed availability and livestock productivity, leading to 
increased food and nutrition security. Farmer participatory approach was 
adopted to evaluate and promote four Brachiaria grass (Brachiaria decumbens 
cv. Basilisk, B. brizantha cvs. Xaraes, Piata, and MG-4) in the Central Highland 
and Eastern Midland of Kenya. The extension/advisory approaches used to 
promote Brachiaria grass cultivars included field days, village knowledge 
centres, agricultural shows, posters, and linkages with other institutions through 
multi-actor platform established under the InnovAfrica project. Generally, 
Brachiaria grass cultivars were more productive than the control (Rhodes 
grass) in most harvests reaching peak of 5.1—7.7 t/ha in the fifth harvest. For 
Rhodes grass, DM was less than 4 t/ha in all harvest and died by sixth harvest. 
Similarly, based on farmers’ evaluation using phenotypic traits, the Brachiaria 
grass cultivars had higher score than Rhodes grass except cv. Piata. The mean 
score ranged from 2.75 to 3.19 for Brachiaria cultivars, while for Rhodes the 
mean score was 2.63. Within 2 years of intervention, over 4000 farmers in the 2 
project sites and additional 1500 farmers from other parts of the country have 
planted the Brachiaria grass. The demand for Brachiaria grass seeds is increas- 
ing due to benefits gained, e.g., increased milk production from dairy cattle fed 
on the grass. Our study will quantify the associated benefits from cultivation of 
Brachiaria grass with respect to a set of ecological, food and nutrition security, 
and social-economic indicators. 


Introduction 


There is wide empirical evidence that livestock plays an important economic role 
in Kenya. The livestock subsector contributes about 12% to the national Gross 
Domestic Product in the country (RoK 2019). Livestock serves multiple purposes 
that include food and nutritional security. Livestock is sold to generate income; 
provide manure and draft power for crop production, skins, and transport; and 
serve in social-cultural function and source of prestige within the pastoral society. 
The effects of climate change have challenged the sustainability of livestock 
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sector. The changing pattern and frequency of extreme climatic conditions such as 
droughts and floods have great impacts on livestock and the associated livelihoods 
(Freier et al. 2012; Schilling et al. 2012). Extreme climatic events such as 
droughts and heavy rains are expected to become more frequent in the Horn of 
Africa and part of East Africa (Christensen et al. 2007; World Bank 2013). 
Climate change leads to reductions in livestock productivity by indirectly 
compromising the availability of forages (Martin et al. 2016). The impacts on 
forage availability and quality may include changes in herbage growth, changes in 
composition of vegetation, and overall changes in herbage quality (Thornton et al. 
2009). 

In the mixed crop-livestock production systems where dairy farming is prac- 
ticed, several forage innovations have been in use to alleviate livestock feed 
shortage. Napier grass is the most widely cultivated forage in the humid and 
subhumid regions of Kenya, and over 90% of dairy farmers depend on it, but it is 
threatened by smut and stunting diseases. These diseases have been reported to 
cause damage ranging from 5% to 90% (Lusweti et al. 2004). There is need to 
introduce climate smart technologies to improve resilience and sustainable live- 
stock systems to climate change. One option is the Brachiaria grass which is a 
"climate smart" and increases livestock productivity (Muinga et al. 2016; Ngila 
et al. 2016). 

Brachiaria is one of the important tropical forage grasses of African origin. It is 
widely cultivated in South America, Australia, and East Asia and has demonstrated 
success in transformation of beef and dairy industries (Ghimire et al. 2015). The 
perennial Brachiaria grass species produce high tonnage of foliage biomass, possess 
large root systems, sequester carbon into soils, is adapted to drought and low fertility 
soils, and provide several environmental benefits and ecosystem services (Djikeng 
et al. 2014; Njarui et al. 2016). 

Although native to Eastern and Central Africa, its use as livestock feed has 
been extremely limited in the region including Kenya. Improved Brachiaria 
grass cultivars identified in evaluations conducted in Eastern Midlands (EM) 
region of Kenya can bridge the gap on livestock feed scarcity. However, there is 
limited information available on the productivity of different Brachiaria culti- 
vars in different agroecological zones (AEZ) of Kenya. For instance, only a 
limited number of farmers are aware on benefits of Brachiaria grass to livestock 
productivity. The dry matter (DM) yield of Brachiaria grass varies in different 
AEZ and is influenced by a range of factors including cultivars, moisture, soil 
fertility, pest and disease, and management options. To achieve a sustainable 
impact of Brachiaria grass in Kenyan livestock sector, a wide-scale adoption of 
this grass 1s necessary. This requires selection of right cultivars for a given 
production environment prior to integration in the farming system, and engaging 
farmers in the cultivar selection would be crucial for adoption and scaling of the 
technology. The objective of the study was to validate the productivity of 
Brachiaria grass and upscale the suitable cultivars for improved livestock feed 
resources in Kenya. 
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Methodology 
Description of the Study Area 


The study was carried out in Kirinyaga County in Central Highlands (CH) and 
Kangundo subcounty in EM (Fig. 1). These sites differ in agroecological character- 
istics and diversity in farming system. Brachiaria grass had been tested and found to 
be suitable in the EM and hence was upscaled among the smallholder crop-livestock 
farmers who keep dairy cattle for commercial production. We adopted farmer 
participatory approach to evaluate and promote Brachiaria technologies in the CH 
and EM of Kenya using a novel extension approach — i.e., the Village Knowledge 
Centre (VKC) supported by innovative institutional approach — multi-actor plat- 
forms (MAP) that was established and being operational under the InnovAfrica 
project (www.innovafrica.eu). On the other hand, Brachiaria grasses were evaluated 
in the CH since no research had been conducted on this grass in the region. The 
biophysical, farming system and other features of study sites are described below. 
Kirinyaga County: Kirinyaga is one of the counties in the CH of Kenya. It is 
located between latitudes 0? 1' and 0? 40' South and longitudes 37? and 38? East and 


* Sample bouseholds 


Fig. 1 Map showing project study sites 
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covers an area of 1478 km. The altitude ranges from 1200 to 1700 m above sea level 
(asl), but in the northern side, it rises to 5200 m at the top of Mt. Kenya. The major 
soil is Humic Nitosols (Jaetzold et al. 2006). According to 2009 census, the 
population stood at 528,054 persons comprising 154,220 households (KNBS 2010). 

Rainfall is bimodal, the long rains occurring from March and May and the short 
rains from October to December with average annual rainfall from 1200 to 
1500 mm, which is well distributed and reliable for forage production. Temperature 
ranges from 12 °C to 27 °C (Jaetzold et al. 2006). Farming is predominantly mixed 
crop-livestock system. The main cash crop are rice, tea, and coffee, while maize, 
beans, bananas, and sweet potatoes are the main food crops but are often sold to 
generate income. Major livestock are cattle, goats, sheep, and poultry. Dairy farming 
is an important enterprise and is based on exotic cattle and their crosses, mainly 
under stall feeding system. Napier grass is the main feed resource, while banana 
stems, sweet potatoes, and crop residues are fed during the dry season. 

The Brachiaria grass validation trial was conducted at Kamweti Agricultural 
Training Centre (ATC) in Kirinyaga Country. Kamweti ATC lies on the southern 
slopes of Mt. Kenya at an altitude of 1755 m asl. The soil characteristics from samples 
taken (0—30 cm depth) indicated that the texture of the soil was sandy clay, with 
average pH of 4.87, total nitrogen content (0.23%) and organic carbon about 2.5%. 

Kangundo subcounty: Kangundo, a subcounties of Machakos County, lies 
between latitudes 0° 45’ and 1° 31' South and longitudes 36° 45' and 37° 45' East 
With altitude range of 800-1600 m asl. This subcounty has an area of 177 km? with 
population of about 94,367 (KNBS 2010). The predominant soils are Luvisols, 
Acrisols, and Ferralsols derived from the Precambrian “basement-complex” rocks 
(Simpson et al. 1996). They are often shallow, contain low organic matter and high 
sand content (Kusewa and Guiragossion 1989), but are well drained. 

Rainfall pattern is similar to Kirinyaga County but is lower and ranges from 800 
to 1050 mm annually. Inter-seasonal rainfall variation is large with coefficient of 
variation of between 45% and 58% (Keating et al. 1992). Temperatures vary from 
14 °C to 29 °C with February and September being the hottest months and July and 
August the coolest months. 

Maize is the most important cereal and is commonly intercropped with beans, 
cowpea, and pigeon pea. Coffee is an important cash crop in the Upper Midlands 
AEZ. The dairy cattle are mainly kept under stall feeding where feed is delivered. 
Improved forages such as Napier and Rhodes grass are planted but occupy only in a 
small proportion on the farm. Seasonal shortfall of feed resources is common due 
to prolonged drought and erratic rainfall and poor management of pastures. 


Brachiaria Grass Validation Trial 


The Brachiaria grass cultivars tested in this study were identified from an evaluation 
conducted on several accessions and cultivars in Kenya (Njarui et al. 2016). They 
were found to be productive and had positive responses to livestock productivity. 
The objective of the validation trial was to evaluate the growth and productivity of 
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best bet Brachiaria grass cultivars. The validation trials were managed by 
researchers and were conducted at Kamweti ATC involving farmers. 


Treatments, Field Design, and Management 


Four best bet Brachiaria grass cultivars, namely, Brachiaria decumbens cv. Basilisk, 
B. brizantha cvs. MG-4, Piata, and Xaraes, were compared with Rhodes grass — a 
commonly cultivated grass in the region. The treatments were arranged in a ran- 
domized block design with three replications in plot sizes of 4 m x 5 m with 1 m 
alley between plots. Ten rows were planted in each plot at interrows spacing of 
50 cm. The land was ploughed and harrowed to a fine tilth before planting the seeds. 
The seeds were drilled by hand along shallow furrows of about 0.5-1 cm deep at a 
rate of 5 kg/ha for all the grasses and covered lightly with soil. Triple Super 
Phosphate fertilizer (TSP 46% P,O5) was applied in the planting furrows prior to 
sowing the seeds at a rate of 40 kg/ha P. 

The trial was established in March 2018, during the long rains (LR) season 
(March-May). A standardization cut was made after the end of first wet season in 
June 2018 in all plots to stimulate uniform plant growth. Calcium ammonium nitrate 
(CAN, 26% N) was applied at a rate of 50 kg N/ha/season and commenced after the 
standardization cut. The fertilizer was broadcasted in the plots and covered slightly 
using hand hoes, approximately 1 week after onset of rainy season. The plots were 
kept weed-free by weeding using handheld hoes until the grass were fully established. 


Data Collection and Statistical Analysis 
Weather and Agronomy Data 


Rainfall data was recorded from the weather station near the experimental plots. The 
first wet seasons (LR 2018) was regarded as the establishment phase and subsequent 
seasons as production phase. During the production phase, the data collected 
included plant numbers, tiller numbers, plant height, pests and diseases damage, 
and dry matter (DM) yield at 8 weeks interval. Numbers of plants were determined 
by counting plants within a 1 m? frame, randomly placed over two central rows. 
Tiller numbers and plant height were recorded for four plants in the same quadrat. 
Plant height was measured for from ground to the tip of plant. Pests and diseases 
damage were rated on a 1—5 scale; where 0 — no damage and 5 — highest damage. 
For dry matter (DM) yield determination, an area of 2 m x 2 m fixed quadrat was 
sampled by cutting the plants to around 5 cm stubble height using handheld sickles. 
The fresh materials were weighed, a subsample taken where necessary, and dried at 
105 °C for 48 h. The rainfall at Kamweti ATC from January 2018 to December 2019 
is given in Fig. 2. The total monthly rainfall in March and April 2018 was greater 
than 2019 rainfall recorded during the same months, whereas October and December 
rainfall was higher in 2019 than in 2018. 


40 Brachiaria Grass for Climate Resilient and Sustainable Livestock. . . 761 


900 
800 
700 
600 
500 
400 


Rainfall (mm) 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Months 


Fig. 2 Monthly rainfall during the experimental period, March 2018—December 2019 at Kamweti 
ATC, Kenya 


Forage Quality Analysis 


The herbage was analyzed for phosphorus, calcium, crude protein (CP), fibers, 
lignin, and ash for samples harvested in July 2019. The samples were dried at 
65 °C in an oven to a constant weight and then ground with a hammer mill fitted 
with a 1 mm sieve, and about 200 g was preserved for analysis. Ash was determined 
by heating the samples at 550 °C for 8 h in a muffle furnace. Crude protein was 
determined using Micro-Kjeldahl according to the method of Association of Official 
Analytical Chemists (AOAC) (1990). The neutral detergent fiber (NDF), acid 
detergent fiber (ADF), and acid detergent lignin (ADL) were determined using the 
Ankom method of Van Soest et al. (1991). 


Soil Mineral Analysis 


The soil samples were taken from a depth of 0 to 30 cm in each grass plot and air- 
dried. Analysis was carried out for organic carbon (OC), total N, K available P, and 
pH. Soil pH was measured in water (soil/water ratio of 1:2.5).The N was determined 
following the Micro-Kjeldahl method after Bremner and Keeney (1965), while P 
was measured by ascorbic acid method (Watanabe and Olsen 1965). The total OC 
and K were measured according to methods described by Okalebo et al. (2002). 


Participatory Evaluation of Brachiaria Grass Cultivars 


The criterion for evaluation of the Brachiaria grasses was developed through a focus 
group discussion of 26 farmers randomly selected from the region. Scientists and 
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extension officers guided the farmers. A pairwise ranking matrix was used to rank 
the listed plant attributes in their order of importance which were then applied in the 
Brachiaria evaluation process. At the end of wet season, 72 farmers (26 females, 
46 males) participated in the evaluation of the Brachiaria grass cultivars and Rhodes 
grass in the validation trial established at Kamweti ATC. The field assessment was 
based on grass phenotypic traits (visual herbage production, tillering capacity, 
height, hairiness, and easy to cut). For each trait, farmers recorded their individual 
scores for each individual grass cultivars in an evaluation form using a Likert scale of 
1-4, where, 1 = poor, 2 = average, 3 = good and 4 = very good. 


On-Farm Evaluation of Brachiaria Grass Cultivars 


Farmers who had previously participated in the project household baseline survey 
in Kangundo subcounty and Kirinyaga County were selected for Brachiaria grass 
on-farm trials. The criteria for selection of farmers were based on ownership of 
dairy cattle, willingness to participate in data collection, and ability of farmers to 
establish at least 0.1 ha of Brachiaria grass. The farmers were trained on estab- 
lishment, management, and harvesting of the grasses. Individual farmers were 
provided with seeds of two cultivars (either Piata, Xaraes, or Basilisk). A total of 
84 and 74 farmers received Brachiaria seeds in Kangundo subcounty and 
Kirinyaga County, respectively. Only 16 farmers were monitored in each site, 
and a farmer was considered as a replication. The land was prepared using local 
practices and sown in March and April 2018. Close supervision and monitoring 
was undertaken through joint action with farmers, extension, and researchers. A 
range of data was collected for assessment of ecological, food and nutrition 
security, and social-economic impact. For the ecological impact, the data collected 
includes Brachiaria biomass yield, soil organic carbon, effect of Brachiaria on 
milk production, and acreage under Brachiaria, while for the food and nutrition 
security impact, the data include availability of milk, level of consumption of milk, 
and dietary diversity. For the social-economic impact, the data collected include 
people aware of the technology, people growing Brachiaria, income from 
Brachiaria, and milk sales. 


Strategies Used to Upscale Brachiaria Grass Cultivars 


Different extension and advisory services (EAS) have been used to upscale the 
suitable Brachiaria grass cultivars in Kangundo and Kirinyaga counties and other 
areas in Kenya. Some of the EASs include VKC, field days, agricultural shows, 
posters, and linkages with other institutions with support of multi-actor platform. 
VKC is a digital-based system linking farming communities with shared interests 
through smart phones and social media platforms such as WhatsApp. The VKC has 
been adopted to disseminate technology. The process involved sensitizing farmers 
on benefits of the grass, providing information on planting, management, and 
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harvesting followed by seed distribution. Each farmer was provided with seeds of 
two Brachiaria cultivars (40 g of each cultivar) enough to cover an area of 160 m?. 


Statistical Data Analysis 


From the validation trial only data on plant tillers, height and dry matter yield were 
analyzed at each harvest. Likewise the values for forage quality were also statisti- 
cally evaluated. The participatory evaluation scores from each farmer were entered 
in Microsoft Excel spreadsheet and a mean score for each criterion calculated for 
each grass cultivar by gender. The data were subjected to Analysis of Variance 
(ANOVA) using the statistical software GenStat 15 for windows (VSN International 
Ltd 2013). And where significant differences occurred, the means were separated 
using the Fisher's protected least significant difference (LSD) test at p « 0.05. 


Results and Discussion 
Brachiaria Grass Validation Trial 


(i) Plant Height 
Table 1 shows the mean plant height of four Brachiaria grass cultivars and 
Rhodes grass. Plant height at each harvest period varied among the grass 
cultivars and showed significant differences (p « 0.05). Rhodes grass was 
taller than all the Brachiaria cultivars in the first three harvests and in the 


Table 1 Mean plant height (cm) of four Brachiaria grass cultivars and Rhodes grass (at 8 weeks 
cutting interval) at Kamweti ATC, Kenya 


2018 2019 
Harvest Harvest Harvest Harvest Harvest Harvest 
1 2 3 4 5 6 
Grass cultivars 29 Sept | 20 Nov 15 Jan 12 Mar 4 July 22 Aug 
Brachiaria decumbens 21.88 31.58 18.48 5.7" 63.98 | 9.24 
cv. Basilisk 
Brachiaria brizantha cv. | 18.5® 37.38 18.58 725 75.48 | 8.948 
MG-4 
Brachiaria brizantha ev. | 13.5® 43.08 11.08 7.0“ 27.9€ 6.4€ 
Piata 
Brachiaria brizantha cv. | 12.58 35.5P 11.08 52^ 24.6€ | 7.286 
Xaraes 
Rhodes grass cv. KAT 48.6^ 86.7^ 55.0^ 7.6^ 103.6%  |-? 
R3 (control) 
LSD (p « 0.05) 13.1 12.3 14.2 N.S.> 17.3 1.9 


Means with different superscript in the same column differ significantly at P < 0.05 
"Rhodes grass dried therefore no plants were measured 
^N.S. not significant 
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(ii) 


(iii) 


fifth harvest, but in the fourth harvest, there was no significant difference 
among grass cultivars tested (Table 1). Lack of significance difference among 
the grasses in the fourth harvest was mainly due to poor rainfall experienced 
during the growing period, which reduced the growth of all grasses. Similarly, 
the low plant height in sixth harvest was attributed to low rainfall and low 
temperatures in 2019 (see Fig. 2) 

Tiller Numbers 

All the Brachiaria cultivars had higher tiller numbers than Rhodes grass at all 
harvests (Table 2). Xaraes recorded the highest number of tillers in most of the 
harvests. Tiller numbers increased from less than 100 tillers/plant at first harvest 
to greater than 120 tillers/plant in the fourth harvest for all the Brachiaria 
cultivars and Rhodes and declined in subsequent harvest except for Basilisk 
which increased slightly in fifth harvest. Brachiaria forms a massive root 
development, and hence nutrient uptake is likely to be high allowing the 
plant to continue increase in tillers. Reduce tillers number in fifth and sixth 
harvest were attributed to low rainfall and temperatures (see Fig. 2). The higher 
tillering ability of Brachiaria grass than Rhodes grass is due to difference in 
growth habit where Brachiaria forms rhizomes, while Rhodes grass spreads by 
stolon. Moreover, number of tillers is an indicator of resource use efficiency 
and increases the chances of survival and influences herbage yield (Laidlaw 
2005) if water and nutrients are not limiting. 

Dry Matter Yield 

Six harvests for the DM yield were conducted during the production phase 
(Fig. 3a-f) There were no significant differences (p > 0.05) on DM yield 
among the Brachiaria cultivars and Rhodes grass in the first three harvests and 


Table 2 Mean number of tillers/plant of four Brachiaria grass cultivars and Rhodes grass (at 
8 weeks cutting interval) at Kamweti ATC, Kenya 


Grass cultivars 


2018 2019 
Harvest Harvest Harvest Harvest Harvest Harvest 
1 2 3 4 5 6 


s |29Sept_|20Nov_|l5Jan_ |12 Mar_|4July 22 Aug” 


Brachiaria decumbens 83.3% | 116.34 127.7% 140.38 163.34 137.34 
cv. Basilisk 
Brachiaria brizantha 89.3^P | 953^ 121.3^ 126.08 110.58 102.4 
cv. MG-4 
Brachiaria brizantha 72;]B€ 78.7^ 142.7^ 151.72. |1311^8 |120.8^ 
cv. Piata 
Brachiaria brizantha 103.0^ 108.7^ 156.3^ 183.3^ 167.5^ 184.5^ 
cv. Xaraes 


Rhodes grass cv. KAT 46.7* 34.7” 45.7” 48.7* 3146 | 
R3 (control) 


LSD (p « 0.05) 30.3 43.5 55.3 29.9 | 46.5 | N.S. 
Means with different superscript in the same column differ significantly at P < 0.05 


"Rhodes grass dried therefore no plants were measured 
^N.S. not significant 
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Fig. 3 Dry matter yield of four Brachiaria grass cultivars and Rhodes grass harvested every 
8 weeks at Kamweti ATC, Kenya 


sixth harvest. Significant (p « 0.05) difference in yield was recorded in the fourth 
(Fig. 3d) and fifth harvests (Fig. 3e). In the fourth harvest, all Brachiaria cultivars 
outyielded Rhodes grass, but yields were not significant different among them- 
selves (Fig. 3). Similar studies by Nyambati et al. (2016) in an area that has 
unimodal rainfall pattern showed no significance difference among the same 
Brachiaria cultivars, but their yields were higher than those of Rhodes grass. 
However, in the fifth harvest, only Basilisk had higher (P « 0.05) DM yield 
(7.7 t/ha) than Rhodes grass (3.6 t/ha) but did not differ significantly with the other 
Brachiaria grass cultivars. Generally, Brachiaria yields were relatively higher in 
the second (4.1—4.4 t/ha), third (4.14.8 t/ha), and reached peak in the fifth 
(5.1—7.7 t/ha) harvests, and this was attributed to moisture availability. The first 
harvest (Fig. 3a) was conducted during the long dry season, while the fourth 
(Fig. 3d) was carried out toward the end of the short dry season. The second and 
third harvest was conducted during the wet season. The DM yields were appre- 
ciably higher than yield recorded by Njarui et al. (2016) in EM. 
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Table 3 Chemical composition (% of DM) of Brachiaria grass cultivars and Rhodes grass 
harvested at Kamweti ATC, Kenya 


Grass cultivars Calcium | Phosphorus | CP ADF NDF ADL Ash 
Brachiaria 0.15“ 0.37“ 11.60% | 41.498 | 67.218 |6.948 | 9.818 
decumbens cv. e 

Basilisk 

Brachiaria 0.16^ 0.24^ 11.60^ | 40.408 167.375 |7.05 | 9.628 
brizantha cv. e B 

MG-4 

Brachiaria 0.13^ 0.53^ 11.73" (36.82€ 165.026 |6.008 | 9.548 
brizantha cv. D 

Piata 

Brachiaria 0.12^ 0.38^ 12.16% 38.16€ | 64.582 |5.908 | 11.04 
brizantha cv. 

Xaraes 

Rhodes grass cv. | 0.18“ 0.34 10.19% | 44.866 | 71.40% | 8.614 | 7.876 
KAT R3 (control) 

LSD (P < 0.05) NS? NS. N.S. 1.94 2.60 1.39 0.93 
CV (96) 6.5 4.9 2.1 2.6 2.1 10.7 52 


CP crude protein, ADF acid detergent fiber, NDF neutral detergent fiber, ADL acid detergent lignin 
Means with different superscript in the same column differ significantly at P « 0.05 
*N.S. not significant 


(iv) 


(v) 


Forage Quality Composition 

The result of forage quality analysis is presented in Table 3. The calcium, 
phosphorus, and CP content were not significantly different among the tested 
grasses. Significant differences were recorded in ADF, NDF, ADL, and ash 
content. Rhodes grass had higher ADF and NDF than Brachiaria grass culti- 
vars, while the ADL content did not differ from that of MG-4. Xaraes had the 
highest ash content (1196), and the Rhodes grass had the lowest. However, all 
Brachiaria cultivars contained more CP than those reported from the Eastern 
Midland (7—10%) by Njarui et al. (2016) but were lower than that reported from 
a similar region — CH (12-1596) by Nyambati et al. (2016). The lower CP 
content from this study was attributed to difference in the sampling time as the 
grasses were harvested during the dry season and growth was poor. Neverthe- 
less, CP > 11% during the dry season is an indication that Brachiaria can 
provide good quality feed in CH. All the Brachiaria met the minimum level of 
CP required for ruminant maintenance (7%) and milk production (11%). 
Moreover, the NDF was below 72%, above which generally decreases DM 
intake. All the Brachiaria cultivars had lower ash content (12—15%) than those 
reported by Njarui et al. (2016). 

Soil Nutrients 

There was no statistical significance difference (p > 0.05) on soil properties 
(pH, N, org C, P, and K) among the tested Brachiaria grass cultivars and the 
Rhodes grass (Table 4). However, the total N (0.20—0.2196) and organic carbon 
contents (2.22.3906) in all Brachiaria cultivars were higher than the Rhodes 
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Table 4 Effects of Brachiaria grass cultivars and Rhodes grass on soil pH, organic carbon, and 
nutrients (nitrogen, phosphorus, and potassium), 18 months after planting 


Org. 

Soil pH (1:2.5 | Nitrogen um Phosphorus | Potassium 
Grass cultivars soil:H50) (96) (90) (ppm) (me %) 
Brachiaria 4.84 0.21 2.28 20.0 0.09 
decumbens cv. 
Basilisk 
Brachiaria brizantha | 4.89 0.21 2.34 18.3 0.11 
cv. MG-4 
Brachiaria brizantha || 4.74 0.20 2.29 15.0 0.09 
cv. Piata 
Brachiaria brizantha | 5.01 0.21 2.33 21.7 0.09 
cv. Xaraes 
Rhodes grass cv. 4.91 0.16 1.74 20.0 0.11 
KAT R3 (control) 
LSD (P < 0.05) N.S." N.S. N.S. N.S. N.S. 
CV (%) 3.6 13.9 15.4 22.3 15.9 


“N.S. not significant 


grass. The org C contents in the Brachiaria fields will improve the organic 
matter content of the soils, which in turn will enhance soil fertility and increase 
productivity. This makes Brachiaria grass suitable for adaptation and mitiga- 
tion measures to climate change effects in Kenya and possibly in other sub- 
Saharan African countries. However, the effect of Brachiaria on soil pH would 
require relatively a longer period. 


Brachiaria Grass On-Farm Trials 


The mean DM yield of Brachiaria grass cultivar in Kirinyaga and Kangundo is 
given in Table 5. There were no statistical significant differences (p > 0.05) on DM 
yield among the Brachiaria cultivars grass within and between sites. Of the 16 farms 
monitored in each site, there were large variations in yield for each Brachiaria 
cultivars tested. 

The large difference in yield between farms for a given cultivar was attributed to 
farmers’ failure to follow recommended agronomic practices such as proper plant 
spacing, lack of weeding at establishment, limited use of fertilizer, etc. Generally, 
where the yields were poor the grasses were established in eroded and less fertile part 
of farm and no fertilizer application. In contrast in farms where the yields were high, 
the land was well terraced, and farmer had adopted proper soil conservation prac- 
tices. Additionally, farmers had applied either cattle manure or inorganic fertilizer or 
both. The higher yield achieved in Kirinyaga was attributed to more rainfall expe- 
rienced from June to October unlike in Kangundo where there was no rains resulting 
in the cessation of plant growth. 
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Table 5 Mean DM yield among the Brachiaria grass cultivars in Kirinyaga and Kangundo study 
sites 


Kirinyaga Kangundo LSD 
Brachiaria grass cultivars DM yield (kg/ha) (p < 0.05) 
Brachiaria decumbens cv. 6702 (1704— 5485 (1081— N.S. 
Basilisk 18,156) 12,204) 
Brachiaria brizantha cv. Piata 6884 (2548— 6447 (3510— N.S. 
15,363) 10,922) 
Brachiaria brizantha cv. Xaraes |5108 (1733— 5680 (1175— N.S. 
12,962) 12,856) 
LSD (p < 0.05) N.S." N.S. 


Values in parenthesis are range of DM yield 
“N.S. not significant 


Box 1 


Effects of Brachiaria forage on social-economic conditions: By August 2019 
approximately 1320 smallholder farmers (18.296 females) mainly involved in 
dairy cattle farming had been provided with Brachiaria grass seeds in 
Kirinyaga County. In Kangundo, 720 smallholder farmers (2396 were females) 
received the seeds. Report from field indicates that each farmer has given out 
splits to at least two other farmers. Conservative estimate put the numbers of 
farmers to over 4000 farmers implying a high rate of uptake of the technology in 
the project areas. Seeds were also distributed to 1200 farmers in Nyeri County 
and over 300 farmers in other parts of Kenya. So far, the project has not found 
any farmer who has abandoned growing Brachiaria. Farmers are enthusiastic 
about the grass, and a good number have expanded the acreage under 
Brachiaria grass. Farmers have also reported increase in milk production from 
dairy cattle fed Brachiaria grasses. However, there were variation in terms 
increase, but the values were within the range of 15-4096 recorded by Muinga 
et al. (2016). This implies Brachiaria has contributed to increased milk availability 
for consumption at household level and for sale to generate income. However, 
there are plan to carry out on-farm feeding trial jointly with farmers to ascertain 
the actual benefits of Brachiaria in term of milk production. In Kirinyaga, youths 
have formed groups with aim of baling Brachiaria hay for sale to generate 
income. (Source: Field Survey) 


Participatory Selection of Brachiaria Grass Cultivars 


During the FGD, farmers identified 16 plant attributes that are important when 
selecting grasses (Table 6). Grasses that give high milk yield when fed to livestock 
were ranked first followed by highly nutritious grasses while color was the least 
important criteria. These findings were consistent with earlier work carried 
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elsewhere in Kangundo by Gatheru et al. (2016). They reported that forages that 
gave high milk yield when fed to cattle and nutritionally balanced were priority traits 
in selecting feed for livestock. There were significant differences (p « 0.05) in 
farmers’ scores for herbage, tillers, and tallness between the cultivars (Table 7). 
Overall, Basilisk had the highest mean score for the five attributes followed by 
MG-4, while Piata had the lowest. There were no significant differences on farmers’ 
scores for hairiness and ease of cutting between the cultivars. The ranking order for 
the cultivars was not different between females and male farmers (Fig. 4). 


Table 7 Farmers’ mean scores for selected criteria from evaluation of Brachiaria cultivars 


Selection criterion 

Grass Herbage Tillering Height at Easy Mean 
cultivars production capacity harvest Hairiness |to cut | score 
Basilisk 3.40 3.36 3.23 2.66 3.28 3.19 
MG-4 3.19 3.19 2.70 2.99 3.09 3.03 
Piata 2.32 2.49 2.00 2.67 3.01 2.50 
Xaraes 2.63 2.79 2.21 2.99 3.12 2.75 
Rhodes 2.16 1.85 3.13 2.97 3.03 2.63 
grass 
LSD 0.31 0.29 0.29 N.S.4 N.S. 
(p < 0.05) 
“N.S. not significant 

4.0 

mFemale Male 

3.5 
o 30 
= 
o 
a 
? 25 
© 
= 

2.0 

1.5 

1.0 - 

cv. Basilisk cv. MG4 cv. Piata Rhodes cv. Xaraes 
grass 


Grass cultivars 


Fig. 4 Evaluation score for Brachiaria grass cultivars and Rhodes grass categorized by gender 
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Upscaling Brachiaria Grasses Cultivars 


Multi-actor Platform: The multi-actor platform (MAP) members are composed 
from institution in private sectors, policy makers, dairy cooperative societies, 
extension services, farmers, and researchers. The MAP members were involved 
at InnovAfrica project inception phase during planning, site selection, and devel- 
opment of implementation framework. The MAPs have contributed in Brachiaria 
grass validation trial particularly in selection of farmers and development of 
selection criteria. They participate in field project evaluation and monitoring 
every 6 months and provide useful feedback to correct any divergence from the 
planned activities. They are also involved in upscaling of Brachiaria grass 
technologies through field days and distribution of seeds. For example, one 
MAP member who is committee of Mukurwe-ini Wakulima Dairy Cooperative 
Society has distributed seeds to over 1200 farmers who are members of the society 
in Nyeri County. 

Village knowledge Centre: One VKC was established in Kangundo village of 
Kangundo subcounty in May 2018. From May 2018 to December 2019, a total of 
530 people (comprising of farmers, extension agents the public sector, and non- 
governmental organization) and other stakeholders visited the VKC (Fig. 5) primar- 
ily to get information on Brachiaria grasses and on other issues (e.g., horticulture, 
poultry, bee, rabbits, microfinance). Most of the visitors to the VKC were over 
50 years old. The VKC has connected over 300 farmers on social media (two 
WhatsApp Group). These have provided a platform where information on cultiva- 
tion of Brachiaria grass including management, conservation, and feeding is shared. 
However, social networking is an important mean for promoting technology adop- 
tion (Brhane et al. 2019). 


160 
140 
120 
100 


Number of visitors 


May June July Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 


2018 2019 
Months 


Fig. 5 Number of visitors to the Village Knowledge Centre from May 2018 to December 2019 in 
Kangundo, Kenya 
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Box 2 Other Brachiaria Upscaling Strategies Adopted 

Field days: In May 2018, a farmer field day was held in Kangundo village to 
provide first-hand information to farmers and relevant stakeholders on 
Brachiaria-livestock value chain and related technologies and its impact on 
the feed security and livestock productivity. A total of 93 people representing 
smallholder dairy farmers, members of a small-scale dairy processing group, 
County extension agents, local leaders, and InnovAfrica partners attended. 

Agricultural show and exhibition: InnovAfrica project participated in Agri- 
cultural Show of Kenya (ASK), Machakos Branch, in June 2018 and 2019 to 
create awareness on the Brachiaria technologies. The grasses were planted in 
small plots within the ASK ground for exhibition to farmers. Posters with 
details on the establishment, management, and nutritive quality of the grasses 
were also displayed. In 2018 an estimated 770 show attendants (farmers, 
scholars, and students) visited the Brachiaria grass plots, and the number 
increased to 1050 in 2019. 

Posters: The project has also adopted posters to create farmer awareness on 
the availability of Brachiaria grass seeds for planting. Over 550 and 770 
posters written in vernacular were distributed in Kirinyaga County and 
Kangundo subcounty, respectively. The posters were displayed at strategic 
locations where they were easily visible. This included trees along rural roads, 
in market centers, petrol stations, churches, dairy cooperatives, premises, and 
other public buildings where the local people visit frequently. 

Agricultural Training Centre: The project has partnered with Kamweti 
ATC and Wambugu ATC 1n Kirinyaga and Nyeri Counties, respectively, to 
accelerate the upscaling of Brachiaria grass technology. These Centers nor- 
mally organize field days, trains farmers, and conduct demonstrations on 
proven technologies on crops, forages, and livestock. The role of the ATCs 
is to bulk the Brachiaria grass and distribute splits to farmers. 


Conclusions and Way Forward 


This study is a farmer led experimentation to test Brachiaria grass for livestock 
production in Kirinyaga County and upscaling it in Kangundo subcounty. The 
validation trial showed that all the Brachiaria grass cultivars were more productive 
than the control (Rhodes grass) in most of the harvests. Similarly, based on pheno- 
typic traits used by farmers to evaluate the grass, all the Brachiaria grass cultivars 
had higher mean score than Rhodes grass. Thus, Brachiaria has a potential to 
improve the feed availability in the region tested and other areas of Kenya and 
enhance food and nutrition security. The org C contents in the Brachiaria fields will 
improve the organic matter content of the soils which in turn will enhance soil 
fertility and increase productivity. This makes Brachiaria grass suitable for use in 
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adaptation and mitigation measures to climate change effects in Kenya and possibly 
in other SSA countries. Over 4000 farmers are now engaged in cultivation 
Brachiaria grass in the study sites and additional 1500 farmers in other parts of 
Kenya, because of increased awareness by the InnovA frica project using innovative 
EASs including VKC, ASK, posters, social media, and MAPs engagement. The 
demand for Brachiaria seeds is increasing due to benefits gained in terms of 
increased milk from livestock fed on the grass. Nevertheless, there is need to 
continue to upscale Brachiaria grass using already existing avenues and/or establish 
new ones. 
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Abstract 


Water is the medium through which society experiences the most dramatic and 
direct manifestations of climate change. At the same time, water has a critical 
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role to play in climate change adaptation and is central towards achieving Africa 
Water Vision 2025, and the targets set for the 2030 Agenda for Sustainable 
Development as well as the Kenya Vision 2030. There are fundamental chal- 
lenges that need to be addressed in order to achieve sustainable water resources 
management, mainly, the inherent uncertainty associated with the changing 
climate, the inflexibility in infrastructure and institutions that manage water, 
and the poor integration of all stakeholders and sectors in water resources 
management. This study investigates the challenges and opportunities in 
implementing integrated water resources management and its critical role towards 
climate change adaptation. A preliminary assessment of sustainable management 
of water resources and its role in effective climate change adaptation and resil- 
ience building in Kenya is carried out through questionnaire survey and stake- 
holder interactions. Climate change-induced uncertainty, diminishing water 
sources aggravated by growing water demand, weak institutional and financial 
governance, and lack of transparency and stakeholder inclusiveness are identified 
as the main challenging factors that need to be addressed to build a climate 
resilient society. The study furthermore emphasizes the critical role of water 
management in achieving Agenda 2030, the Paris Agreement on Climate Change, 
and the Sendai Framework for Disaster Risk Reduction. 
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Introduction 


Our climate is changing and is affecting societies and their livelihoods (IPCC 2018). 
Climate change translates to water crisis in our everyday lives through the increasing 
uncertainty in water availability, decreasing water quality, and increasing competi- 
tion over diminishing water resources (UN-Water 2019). According to the World 
Economic Forum’s 2015 assessment of global risks, water crisis was ranked number 
one with the potential to severely affect poor and vulnerable population across 
countries and sectors (WEF 2015). As climate change impacts intensify and the 
populations and their water demands grow, water stress is likely to increase. 

The International Food Policy Research Institute has warned the global commu- 
nity that if business-as-usual continues, by 2050, about 4.8 billion people and 
approximately half of the global grain production will be at risk because of water 
stress (Water Resources Group 2016). According to FAO (2013), the rate of increase 
in water use is more than twice the rate of increase in population during the last 
century. This increase in water use combined with climate change-induced uncer- 
tainty in water availability will aggravate the situation of regions that are already 
under water stress. 
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This decade marked a surge in global floods and extreme rainfall events by more 
than 50% with an occurrence rate that is four times higher than in 1980 (EASAC 
2018). According to the Organization for Economic Cooperation and Development 
(OECD) Environmental Outlook (OECD 2012), the number of people at risk from 
floods by 2050 is estimated to be about 1.6 billion, and the associated economic risk 
is expected to be around US$ 45 trillion. 

The UN World Water Development Report (WWAP 2019) findings show that the 
number of people affected and the number of people killed by water-related emer- 
gencies such as inadequate water and sanitation, droughts, and flooding are much 
higher than that due to earthquakes and epidemics and conflicts globally. According 
to EM-DAT (2019), during the past two decades, floods and droughts have caused 
more than 166,000 deaths leading to a total economic damage of about US$700 
billion. 

In Africa, the increase in floods, droughts, and storms has severely affected the 
livelihoods of population through lack of safe and clean drinking water, crop 
failures, food shortages, lack of clean energy, etc. According to the World Bank 
report (2019), Africa has experienced increasing climate and water risks with more 
than 2,000 natural disasters since 1970, of which about 1,000 happened in the last 
decade. According to OECD (2012), between 75 and 250 million people in Africa 
are projected to be under increased water stress, and agricultural production can 
reduce by up to 50% in some regions by 2020. The rainfall projections in Africa 
indicated that Southern Africa will become drier and Eastern and Western Africa will 
become wetter with increased risk of floods (UNDP 2018). The recent water crisis in 
South Africa, the food crisis in Sahel, and disastrous cyclones in Mozambique are 
reminders of society's vulnerability and unpreparedness in the wake of climate 
change reality, which in most of the cases are aggravated by incompetent institu- 
tional and financial capacities. 

According to the UN Environment Adaptation Gap Finance Report (UNEP 
2018), the global estimates of the costs of climate change adaptation in developing 
countries are between US$140 billion and US$300 billion by 2030 (which is two to 
three times higher than the earlier estimates cited in the Intergovernmental Panel on 
Climate Change [IPCC] report). By 2050, the estimates can plausibly be four to five 
times higher — US$280 billion to US$500 billion. For Africa, this would mean that 
the resources that would have otherwise directed for economic growth, to overcome 
poverty and to achieve the United Nations Sustainable Development Goals [SDGs] 
are now to be diverted toward climate change adaptation and resilience building 
initiatives. 


East African Community and Climate Change Impacts 
Climate model projections for East Africa indicate that rainfall and temperature will 


become extreme and intense in the future affecting both the quantity and quality of 
surface and groundwater in the region. This will severely affect the accessibility to 
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safe and clean drinking water, health, food security, and energy resources (EAC and 
USAID 2018; Luwesi and Di Luyundi 2019). Adapting to these changes will require 
not only accurate knowledge of the frequency and severity of the extreme events but 
also planning and implementation of critical interventions to curb disasters across 
the East African Community (EAC). Moreover, this is highly important for the 
smooth implementation of the water targets of the African Union Agenda 2063, 
the Africa Water Vision 2025, and the 2030 Agenda for Sustainable Development, 
including the Kenya Vision 2030. The EAC has thus a long way to go for eliminating 
poverty, hunger, and food insecurity to give its citizens the right to healthy and 
productive lives. 


Kenya: Country Climate and Water Profile, Climate Change 
Impacts 


The National Water Policy of Kenya was developed in 1999 and based on that Water 
Act was established in 2002 (National Water Master Plan 2030 2013). The consti- 
tutional reforms of 2010 in Kenya introduced decentralization policy which came 
into effect in 2013 (Alexis and Lumbasi 2016). Since then the country has undergone 
significant transition through devolving governance to the 47 newly established 
counties. Moreover, the country’s 2016 Climate Change Act formulated a compre- 
hensive law and policy to guide national and subnational responses to climate 
change. The Water Resources Management Authority (WRMA) was reformed 
to Water Resources Authority (WRA) with a mandate that includes regulation, 
protection, and dissemination of information on water resources. Furthermore, 
WRA undertakes climate actions in terms of mitigation and adaptation to minimize 
the effects of global warming and climate change. 

With the projected increase in temperature of about 2.5 C between 2000 and 
2050, and with rainfall becoming more intense and less predictable, Kenya is 
considered as very vulnerable to the impacts of climate change. The arid and 
semiarid lands (ASALs) in the north and the east of the country are particularly at 
risk because of the increased occurrence of drought and the associated food and 
water security challenges. The increased frequency of droughts, floods, and land- 
slides in the Rift Valley Province and the increased floods and saltwater intrusion in 
the coastal areas are also posing challenges that demands efficient actions at national 
level to improve the adaptive capacity and resilience of the population (Government 
of the Netherlands 2019). 

About 80% of the country’s geographical area is arid or semiarid, and the main 
source of sustenance is pastoral and subsistence agriculture. The livelihoods of the 
poor are severely affected by the climate crisis and are having a severe impact on 
country’s socioeconomic development (Mwendwa and Giliba 2012). A question- 
naire survey conducted by Mwendwa and Giliba (2012) found recurrent droughts 
and changes in rainfall patterns to be the most important indicators of the effects of 
climate change and food shortage, hunger, famine, water scarcity, low yields, and 
high poverty levels as the most important impacts of climate change in Kenya. 
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According to Ng'ang'a (2006), the 2004/2005 drought resulted in a prolonged 
famine in the less rainfall areas in the country. Decreasing lake surface area, for 
example, in the case of Lake Naivasha, has affected water quality, quantity, and 
navigability and has affected its biodiversity (Mironga 2005). 

In urban areas, the impacts of climate change are visible mainly in informal 
settlements, where the risks arising from droughts and floods are severe. The risks in 
rural areas arise because of the dependence of rural population on the increasingly 
diminishing and degraded water sources. The major challenges faced by the peri- 
urban and rural population are the limited management capacity and low operating 
revenues. According to Mureithi et al. (2018), the lack of access to finance is also a 
major constraint as funding tends to be generally allocated to develop new water 
systems in very low-income areas with poor access rather than on restoring an 
already existing but poorly performing water supply scheme. 


Wise Water Management Toward Climate Change Adaptation 


It is crucial to acknowledge that water is not just a sector that has been impacted by 
climate change. The central role of water in adapting to the climate change-driven 
variations has been increasingly recognized over the past decade. However, water’s 
ability to address climate change adaptation still faces many challenges. The inherent 
uncertainty associated with the changing climate, the inflexibility in infrastructure, 
and institutions that interact with water, in addition to the lack of an integrated 
approach in water resources management, are the fundamental challenges that need 
to be addressed at global, regional, and local scale (UN-Water 2019). 

Water is inextricably linked with food and energy. Addressing climate change 
adaptation through effective water management is an opportunity by which the 
governance, infrastructure, and financing mechanisms can be transformed, leading 
to a holistic development of the community. It is highly important that the national 
policies should reflect on climate change adaptation strategies that are being 
followed in similar hydroclimatic parts of the world and at the same time incorporate 
the locally developed adaptation techniques to improve its climate resilience. 
Increased water stress coupled with increasing future water demands will require 
tough decisions on how to allocate water resources between competing water uses, 
including for climate change mitigation and adaptation. 

Wise water management can be achieved through effective, efficient, and partic- 
ipatory management of water resources. Scarcity of water leading to drought can be 
addressed through increased rain water harvesting and water storage to capture the 
minimal available water at the source. These water harvesting structures will also aid 
in enhancing groundwater recharge, thereby improving the resilience of the society 
to future low surface water availability. In order to address the problems of excess 
water because of floods, the Water Resources Authority is in the process of devel- 
oping plans to prepare the society towards flood disasters. 

Application of innovative climate technology on the ground through sensor data, 
models, and weather forecasting improved water distribution systems, avoiding 
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leakages and thereby decreasing loss through nonrevenue water are delivering 
positive outcomes. According to a recent report (Global Center on Adaptation 
2019), researchers at Jomo Kenyatta University of Agriculture and Technology in 
Kenya in collaboration with Wageningen University and Research in the Nether- 
lands is planning to launch the Climate Atlas, a localized weather monitoring 
system, with the aim of providing local rainfall and temperature projections across 
the 47 counties in Kenya for the period 2050-2100. The overall aim of this project is 
to protect Kenya’s food supply for the future years. Another report by UNFCCC 
(2019) discussed a readiness proposal by Ghana on “Integrated Climate Monitoring 
and Early Warning System” aimed at strengthening the country’s capacity to build an 
early warning system for droughts. In cities, nature-based solutions through resto- 
ration of degraded ecosystems in the buildup areas can improve the adaptive 
capacity. The city area can be envisaged as a catchment unit, and the effective 
capturing and managing of stormwater can make the city more resilient. 


Climate Resilience Through Water Management 


Adapting to climate change after the occurrence of a disaster is a reactive approach. 
Building resilience on the other hand is the ability to adapt to and transform and 
recover from that hazard in a timely, efficient, and sustainable manner. The first step 
towards achieving resilience is to have access to the relevant information, for 
example, through public campaign or by collaborating with established networks. 
Participatory vulnerability assessments at grassroots level are critical. Furthermore, 
resources should be available to make assessment and to ensure and facilitate 
processes leading to resilience. For instance, one need to prioritize the most critical 
climate change impact in a region based on the exposure, sensitivity, and adaptive 
capacity of the population to that impact. Based on that, a monitoring and evaluation 
system has to be designed and organizational capacity need to be build. Ensuring 
political commitment as well as facilitating implementation of public private partner- 
ships can aid in short-term development of resilience. The final step is to develop 
necessary institutional arrangements that support long-term adaptation measures. 

In Kenya, the relevant policy and legislative framework has been put in place to 
guide the country’s response to the challenges of climate change. Climate change 
adaptation and resilience has been set in the National Adaptation Program (NAP) 
and is operationalized through the National Climate Change Action Plan (NCCAP). 
This is done by mainstreaming adaptation across all sectors in the national planning, 
budgeting and implementation processes, and taking cognizant of the fact that 
climate change is a cross-cutting sustainable development issue with economic, 
social, and environmental impacts (GoK 2016). The other policy documents include 
the National Drought Management Authority Act 2016, National Policy for Disaster 
Risk Management 2013, the National Climate Change Response Strategy (NCCRS) 
2010, and the Climate Change Act 2016. 

Climate resilience through effective water management can be achieved through 
sustainable implementation of integrated water resources management. Functional 
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water governance mechanisms can reduce disasters and build capacity for adaptation 
and thereby improve resilience. Locally designed and implemented water storage 
and flood control structures and nature-based solutions, for instance, lakes as natural 
water storage structures and floodplains as natural excess runoff absorbers, are some 
examples on climate resilience through wise water management. Healthy ecosystem 
services are dependent on well-functioning river basins, which in turn can 
support agriculture and fisheries, wastewater treatment, drinking water provision, 
groundwater recharge, and coastal protection among others. In Zambia, the natural 
underground water reservoirs were protected through proper waste disposal, hence 
improving aquifer health and usage, thereby benefiting the local population in 
Lusaka (IWA 2019). 

Building resilience through empowerment of the climate change-affected com- 
munity has been reported in many parts of the world. One such example is the 
Osukuru United Women's Network in Uganda (Global Resilience Partnership 2019). 
The major climate change impact faced by this community was flooding and the 
associated displacements and health issues. This women's network initiated cam- 
paigns and improved the resilience of the community by building trenches around 
the houses to prevent floodwater from entering their homes. With more and more 
people joining this network, the success rate is high. However, there are challenges 
in the sustainable functioning of the network, for instance, financial viability, 
capacity building, training, mobility, etc. Enhanced climate resilience thus includes 
strong economic growth, resilient ecosystems, and sustainable livelihoods. It is 
noted that through climate financing (Odhengo et al. 2019) and public-private 
partnerships, there will be opportunities for progress in Kenya 

The core approach in building resilience includes creating awareness, building 
social capital, improving technical capacities, and thereby empowering the commu- 
nity. Community-based vulnerability assessment and development of resilience 
action plan and promoting joint action through multi-stakeholder groups aid in faster 
adaptation. Furthermore, by making the livelihood-dependent economies diverse 
and flexible can also improve the community's resilience to climate change. Knowl- 
edge, learning, innovation, and clean technology are key towards achieving climate 
resilience. Smart agricultural technology such as integrated weather and market 
advisories inform farmers on what and when to grow and harvest, where to sell 
their produce, etc. 

Questionnaire survey and stakeholder discussions including governmental, non- 
governmental, and other organizations in Kenya are ongoing. According to the 
survey results, climate change impacts that are being experienced in the region are 
manifold — floods, droughts, storms, and its associated impacts on the society and the 
ecosystem. One major impact is on agriculture and food production, especially on 
the subsistence farming. Decline in agricultural produce has reduced the marginal 
GDP in the agriculture sector. This along with the fluctuations in world market prices 
and changes in geographical distribution of trade regimes has caused an increased 
number of people at risk of hunger and food security. Extreme weather conditions 
have affected water supply and water quality, thereby affecting human health. The 
increased demand coupled with the decreasing supply of source water resources has 
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led to conflicts over water sharing. The timely dissemination of relevant climate 
information to the most vulnerable sections of the society is yet another major 
challenge that needs to be addressed. 

The sustainable management of water resources faces major challenges because 
of climate change-induced uncertainty, diminishing water resources, increased water 
scarcity, and lack of protection of water sources through regulation. Community 
engagement and stakeholder participation especially from the vulnerable communi- 
ties are crucial, and ownership and control of water resources are found to have 
resulted in more active participation of stakeholders. Incorporation and 
mainstreaming of innovation and technology are increasingly applied but have 
more scope for improvement. Climate change adaptation through rainwater 
harvesting, water storage development, and climate smart agriculture is followed 
by communities with support from government. The major constraint in the wise 
management of water resources is the long-term sustainable finance and funding 
mechanisms. 

Kenya has identified climate change and disaster risk management as two of the 
three thematic areas in their National Plan. The nationally determined contributions 
(NDC) identify mainstreaming of climate change adaptation in the water sector as 
one of the priority adaptation strategies (Ministry of the Environment of the Republic 
of Kenya 2013). Adaptation strategies include development of water resources 
monitoring and early warning assessments. 


Water: A Cross-Cutting Factor in Agenda 2030 SDGs 


The achievement of Agenda 2030 Sustainable Development Goals are dependent on 
improved and sustainable water management (UNESCO and UN-Water 2020). 
There are multiple interlinkages of SDG 6 on water to the other 16 SDGs and also 
intralinkages within the SDG 6 connecting water and sanitation, water quantity and 
quality, IWRM, and community engagement in IWRM. The institutional and finan- 
cial investment in achieving SDG 6 through resilient water management will 
inherently advance the progress of other SDGs through: overall poverty reduction 
(SDG 1); water security supporting the food and agriculture sector and thereby 
eradicating hunger (SDG2); quality water toward good health (SDG3); safe, segre- 
gated toilets and menstrual hygiene improves girls’ access to education (SDG 4); 
gender equality in public and working life (SDG 5); access to energy and hydro- 
power as one solution for sustainable energy (SDG 7); inclusive and productive 
economic growth and employment through water (SDG 8); resilient and sustainable 
water infrastructure (SDG 9); reduced inequalities through accelerated and inclusive 
action on water supply and sanitation (SDG10); sustainable and equitable urban 
development (SDG 11); equitable use and efficient water resources management 
(SDG 12); combating climate change impacts through climate-resilient water 
resources management (SDG 13); water quality and water resources management 
upstream on the land and along the rivers impacts coastal and marine ecosystem 
(SDG 14); increasing sustainable management of soil (SDG 15); promoting peaceful 
societies. and accountable and inclusive institutions through effective water 
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governance (SDG 16); and building commitments and accountability in the water 
sector, institutional coordination of water programs, mobilizing funding, and 
improved technology through strengthened means of implementation (SDG 17). 
Acknowledging the significance of water in these interlinkages and increasing 
efforts in addressing the challenges to achieve SDG 6 will automatically advance 
progress in climate change adaptation through wise water resources management 
and will help build resilient communities. 

Although water is not explicitly mentioned in the Paris Agreement or in the 
Sendai Framework, it is important to acknowledge its relevance in achieving most of 
the mitigation and adaptation strategies and targets. The United Nations Framework 
Convention on Climate Change (UNFCCC) assessed the link between climate 
change and integrated water resources management such as watershed protection, 
waste- and stormwater management, water conservation, recycling, and desalination 
(UNFCCC 2019), where water governance is emerging as a leading domain for 
resilience to climate change. 


Conclusion 


Climate change primarily impacts society through several disasters, such as floods, 
droughts, storms, etc. which then severely affects human security and socioeco- 
nomic development of the region. Building and enhancing resilience to these 
disasters through effective water management are crucial, and water can play a 
major role in achieving effective climate change adaptation. Furthermore, disasters 
are recognized as opportunities to revitalize livelihoods, environment, and econo- 
mies that can then lead to communities that are more resilient. 

Innovative technologies in water supply and management and active participation 
of civil society, government, and private sectors can improve urban resilience. 
An integrated water resources management is imperative for attaining both rural 
and urban resilience as it safeguards their livelihoods and food security. It is also 
essential to ensure inclusiveness and meaningful participation of all stakeholders and 
include indigenous adaptation practices and traditional knowledge. 

National and regional climate policy and planning should follow an integrated 
approach to climate change and water management. It is extremely important that the 
national adaptation strategies assist the vulnerable sections of the society and 
improve their resilience to the climate change impacts. Furthermore, increased 
investment is needed in institutions, capacity development, better data collection, 
assessment, and sharing. 
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Abstract 


A survey approach was applied to examine the technical characteristics of fish 
farming practice in Egypt and Nigeria. Critical issues such as floods and other 
vices were considered in bringing out the inference and level of aquaculture in 
both countries. Multistage sampling technique was used to select the study area 
and the number of respondents. Both primary and secondary data were used in the 
analysis. Eighty fish farmers were randomly selected from each of the country, 
making a total of 160 respondents. The socioeconomic characteristics revealed 
that aquaculture is an antique venture in Africa with Egypt taking the lead, i.e., 
99% of the respondents practice in large-scales production of more than 11 Fad- 
den/acre per, and 100% males depend mainly on agricultural drainage water for 
their earthen ponds. Ninety-eight percent cultured tilapia (Oreochromis niloticus) 
which was believed to have originated from the Nile River. In terms of financial 
performance and partial economic analysis, tilapia production commands more 
sales in Egypt, while catfish (Clarias) production is seen as a promising venture 
in Nigeria. The fish farmers have various perceptions and reactions toward 
environmental changes factors such as cost of labor/manpower and inputs, poor 
water quality, and fish extension services, and climate change impedes aquacul- 
ture development in the countries. To achieve the scale of aquaculture expansion 
as observed in Asian and other developed part of the world, efforts should be 
geared toward continental and regional integration in order to encourage aqua- 
culture practices in Nigeria and other parts of Africa. More so, government 
intervention and incentives should be paramount in Egypt to reduce the excessive 
exploitation of the private input suppliers. 
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Introduction 


Aquaculture is an organized process in which the cultivation of aquatic animals and 
plants in fresh, brackish, and marine water is made, to increase fish production above 
the level that would be produced naturally (FAO 2016). Fish is the most-traded food 
commodities worldwide; more than 3.1 billion people depend on it for their average 
per capita intake of animal protein which is about 20%. Aquaculture has increased 
the world per capita fish supply to 20 kg in 2014 (FAO 2016). Global fish forecast 
model predicts that the share percentage of capture fisheries is expected to fall by 
half in 2030 compared to the 60% global production in 2011 after growing only by 
2.8 million. Aquaculture is expected to grow by 30 million tons over this same 
period. In terms of food fish production, the model predicts that aquaculture will 
contribute 62% of the global supply by 2030 (FAO 2016). The problem of feeding 
the more than 9 billion people in the world by 2050 in the context of climate change 
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and uncertainty (World Bank 2013) will be rightly addressed if improved aquacul- 
ture management is adhered. 

Aquaculture seems to be multilocational and isolated. The Egyptians were prob- 
ably the first in the world to culture fish as far back as 2500 B.C. from Japanese 
Resource Council, Science and Technology Agency as cited in Jhingran (1987). 
Aquaculture production in Egypt far exceeds that of the rest of the other Africa 
countries. It is a 2.2 billion USD in 2015. Egyptian aquaculture currently provides 
almost 79% of the country’s fish needs, with almost all the output coming from 
small- and medium-sized privately owned farms (GAINS 2015). 

Aquaculture was introduced into Nigeria in the 1950s. Recently, it is one of the 
fastest growing agricultural enterprises in the country. It impacted the nation’s 
economy in terms of contributing over 1 million metric tons to Gross Domestic 
Product (GDP). It is best alternatives to meet protein demand; it is a business with 
brighter opportunities. Despite the fact that aquaculture is an age-old practice in 
some regions of the world, it is relatively new in most African countries and is 
significant to the economic, livelihood, and nutritional welfare of the populace. From 
all indications, Egypt has the largest aquaculture industry in Africa (Sumaila 
et al. 2014). 

Therefore, the research questions, what are the technical factors to be considered 
in order to shrink the disparities? And environmental changes impact on fish 
production in Africa. This chapter classically, therefore, examines the technical 
characteristics of fish farming (Aquaculture) practice and impacts of environmental 
change on fish production in Egypt and Nigeria. Specifically, the socioeconomics 
characteristics of the respondents were determined using Kobocollect, fish farming 
system and operation were examined, and critical issues and institutional framework 
were considered bearing in mind the fish farmers’ awareness on environmental 
changes. 


Methodology 
The Study Area 


Egypt (see Fig. 1) is located between 30° 06’ N and 31° 25’ E. Based on the US 
estimates, the current population of Egypt is 94,660,721 which is equivalent to 
1.27% of the total world population (Worldometers 2017), and the total land area 
is 995,560 km? (384,388 sq. mi). The climate is arid where most of the rains fall in 
the winter months with an average of 2—5 mm (0.1—0.2 in)/year with the exception of 
the Northern coast which sometimes can be as high as 410 mm (16.1 in) between the 
period of October and March (Worldometers 2017). The temperature range from 
49.1 °F to 73.4 °F in low wind and sometimes average high temperatures vary from 
62.6 °F in wintertime to 89.6 °F in summertime were recorded. 

The Nile is the primary water source of Egypt and provides more than 95% of all 
water available to the country. Over 60 million people are connected with the 
agricultural sector which constitutes 20% of GDP and consumes about 80% of the 
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Fig. 1 Google Earth Map showing the study area in Egypt. (Source: Authors creation, 2017) 


water budget. Aquaculture in Egypt is supported by water from irrigated agriculture 
and lakes such as lakes Burullus, Manzala, and Edku all located in Egypt. 

Nigeria (see Fig. 2) lies exclusively within the tropical zone in West Africa. It 
borders with the Republic of Benin in the west, Chad and Cameroon in the East, 
and Niger in the North. The current population is 190,423,532 which is equivalent 
to 2.55% of the total world population and ranked 7th in the list (Worldometers 
2017). The total land area is 910,802 km? (351,662 sq. mi) with 9° 82’ 00" N; 
8? 67' 530" E coordinates (see Fig. 2). The northeast and southwest winds are the 
two principal wind currents that make Nigeria to be distinguished with two 
distinct seasons: a wet season from April to October, with generally lower 
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Google Earth 
A 


Fig. 2 Google Earth Map showing the study area in Nigeria. (Source: Authors creation, 2017) 


temperatures, cloudy and rainy weather upshot of the southwest wind current. 
There are wide climatic variations in the country depending on the season and 
region. Nigeria got her name from the river, Niger River. Nigeria is indeed blessed 
with marine, brackish, and freshwater in addition to lakes, rivers, deltas, reser- 
voirs, dams, rain, floodplains, inland, and coastal waters to support fisheries and 
aquaculture in the country. 
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The Design 


In this research, explanatory mixed research design was applied to address 
specific objectives of the research work. The selected research design allows to 
collect data from different sources using various data collection tools. Quantita- 
tive data were collected using semi-structured and open-ended questions from key 
informants. Focus Group Discussion (FGD) checklists were also used to collect 
data. While, quantitative data was collected using questionnaire survey from the 
sampled fish farmers households. The questionnaire was used to collect data on 
the socioeconomic characteristics of the respondents, technical characteristics of 
the fish farms, the critical issues (water shortage, water quality, floods, and other 
vices), institutional framework, and respondents’ perceptions of the environmen- 
tal changes. Experienced male (six) and female (six) enumerators were recruited 
and trained. 


Sample and Sample Techniques 


A multistage sample technique was used to select the study area and respondents. 
Egypt and Nigeria were purposely selected because of the green and blue water-type 
availability for aquaculture, respectively. In Egypt, Kafr El Sheikh (KFS), Bahera, 
Shakia, and Port Said Governorates were purposely selected due to their aquaculture 
practice. Likewise in Nigeria, Ekiti, Ondo, Osun, and Oyo states were selected 
purposely in southwest of the country. This is because the states are in the same 
geopolitical zones. In the Egypt and Nigeria sites, a total of 160 fish farmers’ 
households were selected using proportional random sampling method (see 
Table 1). The data collection was carried out between January and April, 2017, in 
Egypt and Nigeria. 


Table 1 Distribution of questionnaire survey participants sample fish farmer households 


Egypt Nigeria 
Total fish farmer Sample Total fish farmer Sample 
No. |Site households size Site households size 
l. Kafr El 35 35 Ekiti 20 20 
Sheikh state 
2. Bahera 15 15 Ondo 20 20 
state 
3. Shakia 15 15 Osun 20 20 
state 
4. Port Said 15 15 Oyo 20 20 


state 


Source: Authors Computed Field Survey 
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Data Collection Tools 


Data collections were done by a six paired (male and female) trained enumerators 
who were trained on the use of Kobocollect and questionnaire administration. Data 
collections were done using Kobocollect application on the tablets/IPhones; in some 
cases, structured questionnaires, the completed questionnaire, were later keyed into 
the Kobocollect. Interview schedule and Focus Group Discussions (FGD) were also 
employed to get responses from the fish farmers in accordance to the set objectives 
and scope of the research work. KoboToolBar supported the participants to collect 
data online and offline especially during a logistical constraint. It gives room for 
backed up into secure servers. The questionnaire with similar content was prepared 
in two languages: English and Arabic. The English version was administered in 
Nigeria, while the Arabic version was administered on the respondents in Egypt. 


Results and Discussion 
Socioeconomic Characteristics of Fish Farmers in Egypt and Nigeria 


The results of the Kobocollect analysis of the fish farmers' socioeconomic charac- 
teristics are presented in Table 2. 

Gender: refers to the socially built characteristics such as norms, roles, and 
relationship of and between groups of women and men (male or female). Like age 
classification, it also varies from society to society. The result showed that the 
percentage of male fish farmers in Nigeria was 93% and that of the female was 
7%. Though, this chapter revealed there was no female fish farmers in Egypt. This 
suggests that females might have been involved in other activities apart from fishing. 
The result also revealed that more males were in aquaculture than the females in both 
countries. This might be due to the fact that aquaculture production is more of 
manual labor/blue-collar job in which more physical energy are required. They are 
also likely to be involved in other fish farming activities like processing and 
marketing couple with their home cares which were sometimes uncounted (Adeleke 
2013). The result also agrees with the study of Olufayo (2012); Adeleke and 
Fagbenro (2013) that women participate not only in the traditional fisheries sectors 
of fish processing and marketing but also in the nontraditional sectors of aquaculture, 
fisheries research, education, and extension. 

Fish farming as main occupation: In Egypt, 89% of the respondents took fish 
farming as the main occupation, whereas the rest (11%) considered it as their 
secondary occupation. On the other hand, the result revealed that 41% of the 
respondents in Nigeria ranked fish farming as the main occupation, while majority 
(59%) chose it as the secondary occupation; other occupation engaged by the 
respondents in the study areas were civil servant, trading, carpentry, tailoring, 
teaching, agribusiness, and driver. This suggests that aquaculture in Nigeria is still 
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Table 2 Socioeconomics characteristics of the fish farmers in Egypt and Nigeria 


Egypt Nigeria 
Category or variable Frequency (96) Frequency (%) 
Gender 
Male 79 (100.0) 74 (92.5) 
Female -= 6 (7.5) 
Total 79 (100.0) 80 (100.00) 
Fish farm as main occupation 
Yes 70 (88.6) 33 (41.25) 
No 9 (11.4) 47 (58.75) 
Total 79 (100.0) 80 (100.00) 

Mean + S.E. Mean + S.E. 
Fish farming experience (years) 18.6 + 1.10 6.46 + 1.22 
Farm distance from residents (km) 22.27 + 6.41 4.7 + 1.07 
Number of household 6.28 + 0.34 4.57 + 2.83 
Number of children under 18 years 2.96 + 0.24 1.4 + 1.17 
Number of adult above 60 years 0.19 + 0.07 0.41 + 0.29 
Number of male in the household 3.27 + 0.19 2.36 + 2.46 
Number of female in the household 3.00 + 0.21 2.2 + 1.67 


Source: Authors Computed Field Survey 


at the developmental stage. Aquaculture production in Nigeria at present is fairly 
insignificant at 5000 tons/year (FAO 2000). FAO estimates that this could be 
increased to about 650,000 tons. Recent researches showed that aquaculture in 
Nigeria has potential to contribute to both food security and economic development 
of the country but is still in a promising business. Despite the fact that aquaculture is 
an age-old practice in Egypt, it is still contributing immensely to the country’s GDP, 
employment, and food security as it is doing relatively in most countries and is 
significant to the economic, livelihood, and nutritional welfare of the populace. 


Technical Characteristics of Fish Farming System and Operation 
in Egypt and Nigeria 


Parameters such as scale of operation, types of pond, source of water, access to 
water, water quality parameters, types of fish produced/cultured species, fish with 
highest production and demand, venture profitability, continuity, and inputs sources 
were considered. The results were analyzed and presented accordingly. 

Scale of operation and purpose for rearing fish: The study revealed that small-, 
medium-, and large-scale farming operations were practiced in the study areas (see 
Table 3). The scale of operations determined the purpose of rearing fish as desig- 
nated by this study. Small-scale production implies for household consumption; 
medium-scale production is meant for household consumptions and sales, while 
large-scale production does mean for fully commercial/industrial/exports. The 
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Table 3 Technical characteristics of fish farming system and operation in Egypt and Nigeria 


Egypt Nigeria 
Indicators Frequency (96) Frequency (%) 
Purpose for rearing fish 
Small scale (household) — 50 (62.5) 
Medium scale (household and sales) 1 (1.3) 24 (30.0) 
Large scale (commercial/industrial/exports) 78 (98.7) 6 (7.5) 
Total 79 (100) 80 (100) 
Types of pond 
Earthen ponds 78 (98.7) 70 (87.5) 
Others (concrete, plastic, collapsible tanks, vats) 1 (1.3) 10 (12.5) 
Total 79 (100) 80 (100) 
Source of water 
Stream - 29 (36.25) 
River 5 (6.3) 9 (11.25) 
Groundwater/well/boreholes z 28 (35.0) 
Rain catchment/reservoirs — 16 (20.0) 
Lake water 10 (12.7) — 
Agricultural drainage water 61 (77.7) = 
Mixed drainage and Nile water 3 (3.8) = 
Total 79 (100) 80 (100) 
Problems as regards the water source 
Yes 63 (79.7) 33 (41.25) 
No 16 (20.3) 47 (58.75) 
Total 79 (100) 80 (100) 
Have you taken precautionary measures 
Yes 45 (57.0) 21 (26.25) 
No 34 (43.0) 59 (73.75) 
Total 79 (100) 80 (100) 


Source: Authors Computed Field Survey 


results revealed that none of the respondents in Egypt practice small-scale fish 
production; only 1% of them were operating their farms on medium scale, while 
99% operate more than ten Fadden. This shows that fish production in Egypt is in a 
large-scale operation. 

On the other hand, 63%% and 30% in Nigeria represented those that operate their 
fish farms on small scale and medium scale, respectively, while only 7% operated 
their fish farms on a large scale. The result also revealed that aquaculture in Nigeria 
is in small scale (93%) as compared to Egypt. The result indicates that fish farming 
operation in Nigeria is still at the subsistence level where production is mainly for the 
households with little or nothing for the market/sale. This implies that Nigeria will 
depend on import of fish to meet the demand of the common people. 

The result supports that Egypt has achieved the scale of expansion and growth in 
aquaculture (Adeleke and Matthias 2017). Hence, aquaculture in Egypt is a 2.2 
billion USD a year industry and has been supporting the country’s GDP in recent 
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years, making it the ninth largest global aquaculture producer in 2012 and by far the 
largest in Africa and the Middle East (FAO 2016). Efforts should be geared toward 
encouraging and promoting aquaculture practices in Nigeria in order to meet the 
demand of the households and consumers. Large-scale production should also be 
encouraged in order to expand the local and international market. 

Types of pond: 99% of the fish farmers in Egypt cultured their fish in earthen 
ponds, while in Nigeria, 88% cultured their fish in earthen ponds. One percent 
and 1296 of the fish farmers in Egypt and Nigeria, respectively, represent other 
types of ponds such as concrete, plastics, collapsible, and fiber tanks and vats. The 
results of the study revealed that earthen ponds are commonly used in both countries. 
The percentages of other types of ponds like plastics or tanks are more in Nigeria 
(1296) than in Egypt (196). Because of the culture and environment, tilapia is most 
commonly grown fish species in Egypt. It can do well in earthen ponds where natural 
food is required; it cannot survive in very low or too high temperature. In contrast in 
Nigeria, catfish can be raised in an enclosure or tanks where it can thrive, and no 
artificial aeration is required, but artificial food is required for the survival of the 
enclosed fish. It implies that ponds type is a very vital parameter to be considered in 
aquaculture business. 

Source of water: the results of the study revealed that fish ponds can get water 
from various water sources depending on the availability, location, and law. In 
Egypt, the following water sources and percentages were identified: lake (13%), 
river (6%), agricultural drainage water (78%), and mixed drainage and Nile (45%). It 
was observed that most of the fish farmers relied on agricultural drainage water. The 
result is not far-fetched from the fact that aquaculture is the last user of water in 
Egypt because it made used of reused water. According to the water policy in Egypt. 
On the other hand, the percentages of the sources of water in Nigeria are represented 
as follows: 36% stream, 11% river, 35% groundwater/boreholes, and 20% rain 
catchment/reservoirs. It was observed that in Nigeria, most of the water was fresh- 
water sources; this also determined the type of fish to be cultured. 

Apparently Egypt represents a good example of a green aquaculture because 78% 
of the fish farmers depend solely on agricultural drainage water while Nigeria is 
good representation of a blue aquaculture because the water sources were mainly 
fresh water hence, the type of fish to be cultured. In Egypt, recent research showed 
that the use of aquaculture drainage water for agriculture is better preferred to the 
existing practice of agriculture drainage water for aquaculture. The use of aquacul- 
ture drainage water is best practice due to its numerous advantages. Aquaculture 
drainage water contained a lot of nutrients for the crops than the agricultural drainage 
water which might at the same time not be good for the cultured fish. Efforts should 
be geared to convince the government in Egypt to pay more attention to the reused of 
aquaculture drainage water for effective and maximum utilization of water in the 
country. Eighty percent (8096) of the fish farmers in Egypt that the source/s of the 
water to their farms/ponds is/are challenging while only 20% believe the source/s of 
water is/are good and not challenging (Table 3). Despite the natural and blue water 
sources in Nigeria, 4196 believed the water source/s posed a serious problem to their 
fish farms, while 59% were comfortable with the water source/s to their fish farms. 
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In Egypt, the problem that was highlighted and emphasized mainly on water 
sources was pollution, while in Nigeria, the problem was water shortage as a result of 
dry season. In Egypt, 5796 of the respondents have taken precautionary measures as 
regards reducing the effect of pollution on the water source that enters their farms by 
checking the water qualities, filter the water when pumping, treatment of water and 
pond, but 43% are yet to take any precautionary measures. The reason might be due 
to the fact that they are constrained to the available water source to be used for 
aquaculture in the country. In Nigeria, 60% of the fish farmers have alternative 
source of water such as getting water from other ponds, buying water from water 
tankers, damming of stream water to pump into the pond, boreholes, or well, and 
reducing stocking density, to their fish farms during dry season in Nigeria, while 
40% of the fish farmers have not taken any precautionary measures. The reason 
might not be far-fetched from the facts that most of the fish farmers in Nigeria 
practice on subsistence level, and lack of capital is also a limiting factor from the 
Focus Group Discussion (FGD). Freshwater is the major water source in Nigeria and 
there are no restriction as to the use of water in the country, is a great opportunity and 
advantage for citizens who are willing to practices aquaculture to really venture into 
it because aquaculture is “no restriction of person.” 


Environmental Changes Impacts on Fish Production in Egypt 
and Nigeria 


Table 4 presents the impacts of environmental changes on aquaculture in the study 
areas. The study revealed that 76% of the fish farmers in Egypt were aware of the 
environmental changes and its impacts on aquaculture. From the FGD, the fish 
farmers highlighted some observed effect of environment change on the fish pro- 
duction in their countries. In Egypt, the following were highlighted: reduction in rain 
and increase in level of temperature particularly during summer period (July); 
movement of the fish in the pond; sudden suffocation/floating of fish and death; 
low oxygen; extreme cold during winter; increase rate of fish mortality; weather 
change; negative change in fish feeding habit; observable differences in weather 
temperature; breeding time changes as the weather changes; outbreak of diseases 
that affect the fish resulting into fish death; sudden death of fish without reasons; 
change in climate in Europe; appearance of disease; increase humidity; and extreme 
temperature. While in Nigeria, change in raining pattern and hot temperature; 
pollution of air; observation of weather change; reduction in water level; negative 
change in fish feeding habit; flood; present of climate that is affecting hatchery; and 
changes in fish habit were the observed environmental changes in aquaculture 
practice in the country. 

The research presented the evidences that there were similarities and disparities in 
environmental changes manifestations in both countries. The level of environmental 
changes’ awareness of the respondents in both countries might be as a result of their 
level of education (Table 2). Education gave them edge on the changes that are 
occurring in their environment either positively or otherwise. It implies that 
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Table 4 Environmental changes impacts on fish production in Egypt and Nigeria 


Egypt Nigeria 
Parameters Frequency (%) Frequency (%) 
Do you have idea of what climate change means 
Yes 60 (76) 76 (95) 
No 19 (24) 4 (05) 
Total 79 (100.0) 80 (100.0) 
Time to first experience the change 
Value (years) 
0-5 46 (58.3) 38 (47.5) 
6-10 10 (12.7) 11 (13.8) 
11-20 3 (3.8) 3 (3.8) 
21-30 - 3 (3.8) 
31 and above 20 (25.4) 25 (31.3) 
Total 79 (100.0) 80 (100.0) 
Means of environmental changes awareness 
Value (source) 
Media 29 (36.7 66 (82.5)* 
History 64 (81.0)* 53 (66.3)* 
Personal observation and fish farming experience - 10 (12.5* 
Workshop/studies - 5 (6.3 
Total 79 (100.0) 80 (100.0) 


Source: Authors Computed Field Survey 
"Multiple responses 


respondents in both countries are acquaintance with the changes in their environ- 
ments (Maddison 2007; Nhemachena et al. 2014). Respondents' multiple responses 
on other means of environmental changes’ awareness might not be unlikely from the 
global climate change program going round the world because it has brought much 
anxiety to all countries of the world, hence, the multiple responses. 


Environmental Changes Parameters in the Study Areas 

Some environmental parameters such as temperature, rainfall, wind speed, solar 
radiation, waves and tides, and relative humidity were further considered in the study 
to ascertain their effect on aquaculture practice and production in both countries. The 
result revealed that 9995 of the fish farmers in Egypt were aware of the change in 
environment as a result of temperature. Sixty-three percent ascertained that rainfall 
pattern and volume has also changed in the country. Fifty-four percent believed that 
there are changes in the environment as a result of the change in wind speed. Also, 
6196 perceived that the change in solar radiation has affected the environment and 
impacted their fish production. Waves and tides are other environmental parameters 
that 1896 of the fish farmers in Egypt perceive it change and effect on fish produc- 
tion. Also, 92% of the respondents further ascertained the fact that changes in 
relative humidity have impacted their fish production. 
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Solar Waves and 
radiation tides 


Temperature Rainfall Wind speed Humidity 


=+ Egypt 98.7 63.3 54.4 60.8 17.7 92.4 
—H-— Nigeria 96.3 93.8 56.3 81.3 53.8 81.3 


Fig. 3 Environmental changes parameters in the study areas. (Source: Authors Computed Field 
Survey) 


In Nigeria, 96% of the respondents ascertained that temperature change is an 
environmental factor that affects their fish production in the country. Ninety-four 
percent perceived change in rainfall pattern and volume, 56% perceived change in 
wind speed, 8196 perceived change in solar radiation, and 5496 perceived change in 
waves and tides, while 81% also perceived change in relative humidity as environ- 
mental factors that have change in recent years (Fig. 3 and Table 4). 

The FGD revealed the effects of these environmental parameters on fish produc- 
tion in both countries. Death of fish/mortality; reduction in fish production/growth 
rate; frozen of fish in winter/low temperature; rise in cost of inputs; and weakness/ 
low appetite in fish were observed in Egypt. Some of the measures taken by the fish 
farmers to alleviate the adverse effect of the environmental changes were to improve 
their management practices and also change their production season as the environ- 
ment is changing. The effects on aquaculture as expressed by the fish farmers in 
Nigeria were as follows: low fish production; low feeding in fish; reduction in fish 
growth rate; more stress for farmers; color of water changes; flooding; and death of 
fish. Based on the Focus Group Discussion (FGD), the following measures were 
adopted by the fish farmers in Nigeria change feeding formula/pattern and time, low 
stocking, pumping or alternative water sources, constant change of water, study/ 
observe the weather before feeding, minimize feeding in the morning and more in 
the evening, stop stocking, freshwater and good feeding, removing fish to the other 
ponds and applying alternative means. 


Critical Issues on the Study 

Change in fish production in recent years in the study areas: Change here means 
positive or negative, increase/decrease, and adverse/mild depending on the previous 
position of operation of the fish farms/farmers. In Egypt, 96% confirmed that there 
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has been change in fish production in recent years. This might have been to the 
various problems such as change in climatic factors which have direct impacts on 
fish production and pollution of water to the fish farms (agricultural drainage water). 
The chapter reveals that, climate change affects and impacts agricultural crops, the 
end users of the irrigated water will suffer directly or indirectly from the effects. 
Policy makers should look into the plight of the fish farmers in the country and make 
available use of other means of water to aquaculture. In the contest of Nigeria, the 
fish farmers (71%) did not affirm any serious problems during the course of this 
study. The reason might be to the fact that aquaculture is still at a promising stage 
which is best described as the first stage of production (stage 1) where there are still 
increasing rate of returns (IRR). 

Other critical issues observed from the study as presented in Table 5. Most of the 
respondents (92% in Egypt and 79% in Nigeria) do not belong to any cooperative 
society. Bearing in mind the numerous advantages of belonging to a group, unlike in 
other section of agriculture, e.g., the Cocoa Farmers Association in Nigeria. In 
addition, the fish farmers in both countries were deprived of the benefits of the 


Table 5 Critical issues 


Egypt Nigeria 
Parameters Frequency (%) Frequency (%) 
Has there been any change in fish production in recent years 
Yes 60 (95.9) 23 (28.75) 
No 19 (24.1) 57 (71.25) 
Total 79 (100.0) 80 (100.0) 
Does your fish production meet the demand of the consumers 
Yes 35 (44.3) 44 (55.0) 
No 44 (65.7) 36 (45.0) 
Total 79 (100.0) 80 (100.0) 
Major challenges faced in fish farming 
Finance - 43 (53.75) 
Labor/man power — 14 (17.5) 
Fish feed cost and other inputs 27 (34.2) 6 (7.5) 
Water shortage/water quality 32 (40.5) 11 (13.75) 
Fish disease 20 (25.3) — 
Vices (thief and flood) m 6 (7.5) 
Total 79 (100.0) 80 (100.0) 
Do you belong to any cooperative society 
Yes 6 (7.6) 17 (21.25) 
No 75 (92.4) 63 (78.75) 
Total 79 (100.0) 80 (100.0) 
Do you have access to extension agents 
Yes 17 (21.5) 8 (10.0) 
No 62 (78.5) 72 (90.0) 
Total 79 (100.0) 80 (100.0) 


Source: Authors Computed Field Survey 
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* cost of feeds and other inputs (3496) 


Egypt e Water shortage/water quality (41%) 
e Fish diseases (2596) 


Major challenges faced in aquaculture — 0 


* finance problems (5496) 

* Labour and manpower (1896) 
Nigeria ¢ Fish feed cost and other inputs (8%) 

e water shortage/water quality (1496) 

e Floods and other vices (7%) 


Schematic 1 Major challenges faced in aquaculture in the study areas 


extension agents as revealed by the results of the study: Egypt 76% while Nigeria 
90%. These issues were observed as critical; hence, urgent or future attention should 
be provided in order to protect the future strides of aquaculture in both countries. 

Major challenges faced in aquaculture in the study areas: The cost of fish feeds 
and other inputs contributed to the challenges facing aquaculture; 34% of the fish 
famers established this fact. The result buttressed the dependence on private input 
suppliers who supplied most of the fish farmers on credit and later get all the gains/ 
profit of the fish farmers; hence, the fish farmers have no say in his farm. That is why 
most of the fish farmers wanted to quit fish business in Egypt. Forty-one percent 
were facing water problems; this has to do with the agricultural drainage that they 
were using, and many of them were not comfortable but have no choice because it 1s 
the entitled water for aquaculture in the country. Twenty-five percent were faced with 
fish disease problems. This suggests urgent call for policy makers for intervention. 
Finance is the major problem facing aquaculture in Nigeria. Most of the respondents 
(54%) confirmed that finance is the major challenge unlike in Egypt where water is 
the major delinquent (Schematic 1). 


Conclusion and Recommendations 


The research revealed that there were similarities and disparities in environmental 
changes indications in Egypt and Nigeria. Though the level of environmental 
changes awareness of the respondents in both countries varies, the fish farmers 
were aware of the environmental changes and its impacts on aquaculture. Aquacul- 
ture is an age-old practice in Egypt; however it is still contributing immensely to the 
country’s GDP, employment, and food security as it is doing relatively in most 
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countries and is significant to the economic, livelihood, and nutritional welfare ofthe 
population. Conversely, Nigeria's aquaculture has the potential to contribute to both 
food security and economic development of the country, but it is still in a promising 
business. Efforts should be geared to address the critical issues such as climate 
change and other environmental factors that affect aquaculture practice in Nigeria. 
Continental and regional integration of aquaculture practices should be encouraged 
in Nigeria and other parts of Africa. 
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Abstract 


Between 1994 and 2006, an 18% increase of freshwater flow into the earth’s 
ocean was recorded, as well as extreme weather events such as prolonged drought 
and intense floods. Following this period was an era of increased evaporation 
from oceans and seas, which heightened global warming in Africa. This chapter 
proposes the use of man-made aquifers recharge processes as methods of draining 
water into the soil before the runoff water reaches water bodies. Source control 
involves controlling the volume of water entering drainage systems or rivers by 
cutting off runoff water through storing for reuse or evapotranspiration as seen in 
green roofs. Pre-treatment is the use of trenches to filter and remove 
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contaminants from water before getting to water bodies. Retention systems on 
the other hand is controlling the rate at which water is discharged to waterways by 
providing water storage areas such as ponds, water retention areas, etc., while 
Infiltration Systems are areas that allow natural soaking of stormwater runoff to 
the ground naturally recharging the water table. The proposed methods will see 
replenishing of the water table, a great leap in the efforts of curbing global 
warming. This practice can easily be adopted by both individuals and government 
as we build more and more buildings creating a balance between the need for 
human settlement and the natural way of water replenishing itself. The methods 
do not introduce extra costs to an already existing budget. In some cases, the 
methods help to reduce the costs of projects especially in urban areas. Africa 
which hosts many of the growing countries sees and will continue to experience 
surges in urbanization. For such, these methods presented in this topic will be, if 
implemented, a best method to solve the urban drainage problems before this 
even occurs. 


Keywords 


Aquifer - Hygiene and sanitation : Groundwater recharge - Global warming - 
Urban water balance - Universal water security - Topographical land 


Introduction 


Since 1990, water rise in the sea and oceans has been recorded and is now more 
visible than any other time in human history (The Ocean Portal Team 2018). The 
highest attributed factor has been melting of glaciers on ice topped mountains and 
concrete constructions. This ice melts and flows as runoff water into small water 
collection points such as ponds and swamps to bigger water bodies such as rivers, 
lakes and oceans increasing water flow into water bodies. All these changes result in 
an increased global water cycle where water moves cycles through evaporation, 
precipitation, and runoff, an aftermath of increased rate of global warming. 
Methods of mitigating the negative effects of climate change in Africa have 
become a big issue. Individual companies and governments in Africa are trying to 
implement resilient ways that adapt to the effects of climate change. African 
countries are prone to the effects of climate change especially because of the higher 
levels of industrialization. On the other hand, developed countries that have 
implemented ways of harnessing water and avoiding runoff water directly to catch- 
ment areas at all costs is something Africa has not been able to fully accomplish (The 
United Nations-Water 2015). According to a report by UNEP, by 2020, between 75 
million to around 200 million people in the African continent are projected to 
experience water stress due to climate change (UN Environment Programme 
2020). In this twenty-first century, most countries in Africa are becoming urbanized; 
modern housing, infrastructure, access to water, and implementation of technology 
has become common (Ogwu 2019). Narrowing down to East Africa, Kenya is the 
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most urbanized country and then followed by Rwanda. Cities are evolving and the 
idea of implementing sustainable urban drainage is still an issue as they improve the 
topography of cities. 

Kenya’s fastest growing cities include Nairobi, Mombasa, Thika, Machakos, 
Nakuru, Malindi, and Kisumu. Untapped but identified as potentially stable upcom- 
ing cities include, Tatu city and Konza city. This research identifies these two areas 
as the best place to promote sustainable urban drainage (SUD) systems and aquifer 
recharge is implemented. Other cities will follow the example set by these two as the 
benefits come to play. The total population for Kenya currently is at 54 million, 
according to the 2019 census; Nairobi, the capital city has just over four million 
people (Kenya Data Portal 2019). Water Security in a country is one of the major 
issues facing each country worldwide. According to Sustainable Water Partnership, 
water security is the adaptive capacity to safeguard the sustainable availability of, 
access to, and safe use of an adequate, reliable, and resilient quantity and quality of 
water for health, livelihoods, ecosystems, and productive economies (Viala 2016). 
UN Water defines water security as the ability of a community to protect their 
sustainable ways of accessing quality water (UN Water 2013). This is very vital 
especially to areas that have a huge population. Insufficient water in some areas is 
caused by drying up of the aquifers, while some areas are faced with excess water 
either due to flash floods, or rainwater runoff, which in turn leads to less aquifer 
recharge. These imbalances are a clear result of insufficient aquifer recharge. With no 
improved strategies to better ways of harnessing water, especially with the current 
climate projections showing irregular weather patterns, aridity of these cities is prone 
to increase at a very high rate. A case point is Two Rivers Phase II project, a modern 
residential center hosting a mall in Nairobi and Kiambu Counties in Kenya, which if 
the runoff water is not taken care of, the drying up of aquifers might kick off. Water 
in Two Rivers in which the development seats are likely to rise. Coastal areas are also 
facing similar issues. A case of concern there is salty water finding its way into the 
water table recharging the aquifers and thus making the water for consumption 
saline. 

Rural-Urban transformation has improved the topography of most countries in 
Africa. Although, this has culminated in the improvement of settlement areas as well 
as the economic status of residents, it has heightened developmental challenges such 
as making water runoff move to a collection base settled in one area, which either 
flows to other big catchment areas or slowly evaporates. This chapter aims to put 
more emphasis on ensuring that sustainable urban drainage systems are implemented 
in a bid to see that boreholes that source water from aquifers are managed respon- 
sibly ensuring water availability and safety. Africa has not yet formulated the policy 
of adapting the best practices of sustainable urban drainage systems and natural 
aquifer recharge methods. Aridity of land, increase of saline water, drying up of 
aquifers, and increased water wastage, especially with increased upcoming construc- 
tions, are an indication of the state of globalization and effects of climate change in a 
country. Sustainable Urban Drainage Systems are drainage networks that act as 
collection points, transport, treat, retain, infiltrate and drain runoff water in sustain- 
able ways that are beneficial for living things and the world in general (Hidrologia 
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Sostenible n.d.). Given this background, the aim of this chapter is to review the status 
of sustainable urban drainage and Aquifer recharge within African context, 
highlighting some technological advances to be used in the current scientific and 
topographical challenges of climate change. 


Related Works and Existing Gaps 


This chapter uses referencing points, of developed countries, and how they 
implemented the SUDs, which affects the natural recharge of Aquifers. According 
to Matos (2003), drainage systems are not necessarily a rule when it comes to 
construction of infrastructures, and runoff water would cause flooding of the roads 
or clogging of the sewers. On the other hand, Tim (2008) speaks of the Christian era, 
where drainage systems constructed by the Romans in the BC to AD are still 
functioning till date. Introduction of sanitation began in Italy after an incident of 
septic tank sinking due to floods and the country was forced to eliminate flooding 
areas and adapt underground channels, which was a wake-up call to other European 
countries in adapting sanitation systems (Poleto and Tassi 2012). 

The use of green gardens in developed countries that substitute farming due to 
construction of buildings covering the whole land makes it necessary to adapt 
previous ways of MAR. An important agenda highlighted in this chapter is to 
understand how policies are followed to the latter for avoidance of implementing 
after math eqs. A study conducted in the United Kingdom regarding their technical, 
legal, and planning methods of control for urban runoff water in their country was 
done to ensure countries that do not have policies created to govern engineers before 
starting projects (Woods et al. 2015). Governance of Aquifers needs to be 
implemented. There are three aspects done in developed countries as to the gover- 
nance of aquifers, management of discharge of water, management of recharge, and 
substituting alternative water sources. 

Management of discharge of water from the aquifers currently is important as 
drawings from these sources are at a high rate, especially due to the domestic use of 
the water. Some countries use water mainly for commercial use while others use 
water to pump for electricity, irrigation and domestic use as well. As depletion of 
aquifers becomes more and more real, countries are forced to dig deeper boreholes 
with extra costs to incur to reach water levels (Dillo et al. 2011). These scenarios put 
more weight on the need to ensure recharge of the aquifers is managed well. 
Management of Recharge to the aquifers can be implemented both artificially and 
naturally. If 95% of the land is covered with soil and grass then the possibility of 
water sipping into the soil is most likely to happen faster reducing the amount of 
water that flows into water bodies. With increased urbanization, more innovative 
methods of recharging of aquifers are practiced by directing water to catchment 
bodies, and using filtration methods that enable water to be soaked into the soil and 
thus refilling the aquifers. Other alternative ways of using water sources include 
using rainwater and customizing it for consumption use. 
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Due to urbanization, most countries experience a lot of runoff water, which 
therefore needs a number of managements of aquifer recharge procedures through 
identifying a number of solutions that gets back to the aquifers. These processes have 
been practiced before, and there is a need to introduce them in developing countries 
especially due to the increase of urbanization in these same countries. Use of 
permeable floors could be one of the implementing ways. 

There are other substituting alternative water sources, which are currently used all 
over the world. Some authors have done research on how to tap water and collect it 
in a catchment where one can fetch for domestic use. Other water sources enhance- 
ments include channeling rain water through use of gutters, tapping water from a 
river into a house. More methods have been adapted in today’s world to ensure that 
they have sources of water. Some negative points have been brought forward, such 
as some of these ways being harmful to the humans and the animals. A case study 
was carried out in Kilifi County in Kenya where the test was to find out the presence 
of arsenic in water and the pH of the same water. According to the World Health 
Organization (2003), pH of consumable water should be between 6.5 and 7.5. 

A study research was done on SUDs in low-income countries in Africa outlining 
the disadvantages that runoff water instills such as soil erosion and siltation (Reed 
2004). Some special cases have been raised, for instance, constructing riparian lands 
and coastal areas. These areas have a land mass that is not stable with fault lines that 
aid in the recharge of aquifers experience. Kenya has had cases of demolition of 
buildings due these buildings being on riparian lands, this was a threat not only to the 
SUDs not being observed but also to the lives of people who were meant to live and 
operate in such areas. Other concerns raised, is the groundwater overexploitation in 
the coastal regions and these buildings being on riparian lands. Groundwater over- 
exploitation in the coastal regions leads to intrusion of salty water (Geiger 2020). 
This chapter will help us understand the options that a country has in case it is forced 
to build on riparian lands. 

Some practices recommended in this chapter exist in developed countries and can 
be very effective in African countries in understanding climate change and how to 
deal with the effects of those changes. There are challenges facing the Kenyan 
topography such as cases of constructions being done on riparian lands. Such 
areas are not stable and could result in the collapse of such buildings. It has resulted 
in the government demolishing such houses and prosecuting responsible construc- 
tors for not adhering to the rules and policies that guide the said industry. Coastal 
lands on the other hand have cases of saline water recharging the aquifers, making it 
difficult for consumption especially to humans. The best result in these situations is 
to ensure filtration methods are used. 

Policy making for engineers and owners is one of the proposals for governments 
to implement. Adaptive measures of some proposed solutions are suggested in order 
to ensure smooth implementation of SUDs and aquifer recharge as well. These 
include filtration methods and systems of reducing salinity and the productive 
measures of constructing buildings in riparian lands. Resolving these issues with 
the proposed methods will see an increase in the amount of water that goes back to 
the water table, replenishing it, as opposed to flowing into the ocean and seas. On a 
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concrete surface, 95% of water on the surface runs off, only 5% gets absorbed into 
the soil. With natural aquifers taken into account in the landscape planning and 
designing, the 95% of the runoff water will be adsorbed to soil, resulting in only 5% 
of the water being drained to the oceans and seas. This mode of replenishing the 
water table ensures that wells and boreholes dug in arid and semi-arid areas do not 
dry up fast. The benefits of this extend to what such areas can do in their economic 
ventures and other activities made capable by the presence of stable water supply. 


Aquifers 


When Water soaks into the soils from the rivers, melted ices, and rain, it is 
concentrated in one area that forms its own settlement, which is referred to as an 
aquifer. This settlement of water is formed in different bowl-like areas that form a 
well and are all in different areas with different levels. A number of aquifers formed 
in one area are referred to as the water table level forming the zone underneath the 
ground. There are two types of aquifers, the confined aquifers and the unconfined 
aquifers. Confined aquifers are one that is way below almost at the bedrock of the 
rocks and formed by permeable rocks due to the pressure of non-permeable rocks. 
However, getting to the confined areas at times seems difficult and collapsing of the 
rocks could hinder reaching the aquifers when drilling boreholes. Unconfined 
aquifers are the ones that are directly refilled with the water soaking directly from 
the surface of rivers or when in a swampy area or irrigation is taking place. The 
unconfined aquifers are the ones that rise or drops depending on the amount of water 
stored. 

Aquifers in rural areas and with a water source around are less tapped as 
compared to an arid area. In semi-arid areas where these boreholes are drilled with 
the changing weather conditions and less water source reservoirs, humans turned to 
aquifers, through drilling boreholes in pursuit of water. Sometimes the water turns to 
be saline, depending on the locality. For instance, coastal areas tend to have more 
saline aquifers as compared to fertile moisture soil with cold weather conditions. As 
urbanization in coastal areas increases, the drilling of boreholes is increasingly at a 
higher rate. This in turn, due to unconfined aquifers being empty, is refilled with 
saline water from the ocean. This is reusable, however not as drinkable water for 
humans nor animals as well. 

Consistent use of these aquifers without recharges is only sustainable for a few 
decades. According to Kansas States University in Manhattan, a 4-year research of 
the Ogallala Aquifer was conducted to identify the use of aquifers for irrigation and 
consumption use in Kansa, they found out that continued use with no recharge could 
cause depletion of food production in that area (Chow 2013). Glaciers melting sorted 
that situation for a while with the chances of aquifer usage to be in survival for 
50 years, after it only used up to 30% of the water. 

Glacier melts in areas whose topographical land is associated with mountains and 
areas that are cold and can experience snow. Africa, has very minimal of such 
topography and therefore, a few proposed solutions on ways to manage the discharge 
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of the water from the aquifers, how to recharge them and alternative ways of water 
use to avoid depletion of the groundwater. 


Research Framework 


Looking at the sustainable urban drainage practices that are done to the developed 
countries and the effects of aquifer recharge, there is an understanding that SUDs 
consideration will be established in Africa. With a different topography, there is a 
need for an analysis of the geographical area to determine any potential trends that 
are made or can be made. The analysis done is to determine a number of things, the 
risk factors involved in case an SUD is proposed in that area, and the number of 
SUDs to be implemented in that area, and the demographics as well. After analysis, 
the topographic area will help in determining the type of qualitative criteria to be 


used for the SUDs. 


Criteria Relevance Category 
Guidance These are the documents to be used | Guidance documents not specified to 
documents as the implementation process for SUDs but to construction — Policy 
the SUDs in Africa. The use of these | constructions documents 
documents either required by the Standard government guidance for a 
government or voluntarily offered to | country from the National 
the government by the implementing | Construction Authority 
partner shows the extent to which Relevant government planning 
the SUDs would have effects on the | policy statements concerned with 
aquifer recharge. These guidance hydrology, and water as natural 
documents can be used as practices | resource, 
that any organization or individual e.g., a) delivering sustainable 
looking into SUDs should have, and | development policy 
also used as ways to overcome over | b) Planning and pollution control 
implementation of SUDs in one area | policy 
c) Disaster and risk management 
policy — This looks deeper into 
drought and floods as ways of 
managing disasters and risks in a 
county 
National In order to ensure involvement, in Consulting the National 
Construction the case of Kenya, it is important to | Construction Authority of a country, 
Authority ensure the National Construction for location intelligence analysis, 
Consultation Authority is involved for assessing through the use of documents, 
the area, and the risk factors that records of previous assessments, 
could be involved reports, and telephone and email 
conversations. 
Constrains Financial constraints in case of a Other constraints could be through 


collapse of a borehole drilled or a 
pond created are some of the 
constraints involved when it comes 
to implementation of SUDs 


desktop and site survey 

CLA not specified and not included 
in analysis due to no knowledge of 
contamination at site. 1 - CLA 
through desktop survey only. 2 — 
Desktop and site survey 
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Criteria 
SUDs type 


Numbers 
Size 
Efficiency 


Maintenance 


Good practices 


Relevance 


This chapter categorizes SUDs into 
substituting alternative water 
sources control, Management of 
Aquifer recharge, and Management 
of Discharge of water 


Identifies current practice and 
baseline data 

Identifies current practice and 
baseline data 

Identifies current practice and 
baseline data 

Identifies current practice, baseline 
data, potential barriers, ways to 
overcome them, and trends 

Africa as a developing continent, 
most of the topographical area is 
improving day by day, which makes 
runoff water become a potential 
problem especially to rural areas. 
Therefore, different mitigation 
process of water should be 
implemented in the policy making 
and as part of construction when it 
comes to buildings and roads 


Proposed Solutions 


G. Gichuhi and S. Gitahi 


Category 

Substituting alternative water 
sources control 

(a) Green roofs 

(b) Rainwater harvest 

(c) Redirecting water retention 
systems 

Management of Aquifer Recharge 
(a) Infiltration systems 

(b) Treating municipal wastewater 
(c) Treating storm water 

(d) Treating irrigation water 
Management of Discharge of 
water 

(a) Retention systems 

(b) Wetlands 

Types of SUDs to be used in that 
area 

How large or small will the SUDs be 
used 

How sustainable is the SUD used 


How frequent should it be 
maintained and treated 


Use of best practices. 

Evidence of National Construction 
Environmental Management Plan or 
equivalent. 


On the account that there is uncertainty when it comes to climate change and the 
shortage of water especially in Africa, adaptation strategies on water usage and 
refilling of aquifers should be prioritized. Clear projections on water demands in the 
future are merely determined by the climate change, sustainability imbalances 
between freshwater, and demand for it (Taylor et al. 2009). There is a huge difference 
of climate change association in developed countries as compared to the developing 
countries. In addition, the fact that most countries in Africa are in the sub-Saharan 
desert, the usage of water is more likely to be at a higher demand and also depletes at 


a higher rate. 
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Although, some of these solutions are implemented in other countries, 
recommending them to African countries, suits best especially during this time of 
globalization. African countries are known to be experiencing different kinds of 
weather conditions, as compared to developed countries. The Sub-Saharan desert 
covers most parts of Africa. Solutions proposed in this chapter targets what African 
countries would experience when it comes to recharge of aquifers as well as 
substitute water sources. Runoff water and the impact it has on climate change has 
the need of ensuring that the community is able to implement SUDs and redirect 
water to aquifers. This chapter discusses the methods to be used in African Countries 
in the management of discharge of water, management of recharge, and substituting 
alternative water sources. 


Substituting Alternative Water Source Control 


It is clear that using water from Aquifers is not only the one area that humans 
should depend on if it is for consumption at home or commercial level. There are 
other means of attaining water with source control implemented. Source control is 
a way of managing the volume of water entering drainage systems or catchment 
areas by cutting off runoff water either to be redirected into another source stored 
for reuse or evapotranspiration or to absorb into the soil as a way of recharging the 
aquifer (Geiger 2020). Mostly runoff water will be from rainwater, flash floods, or 
melting of glaciers. Besides, source control can be exercised when the water is 
settled in one area with no use of it. Wet areas are an example of how source 
control can be used. 

A country’s topography has around four features that affect how humans will 
cultivate and settle around that area (National parks Association n.d.). These are the 
landforms, which include the hills, valleys, gullies, and mountains, etc. These places 
act as animals settling places but as a tourist attraction to humans, which affects the 
economic status of a country. A water source is another feature of land topography, 
which mostly includes the rivers, swamps, coastal oceans, etc., which have a great 
impact on affecting our sources of water. Vegetation includes the national parks, the 
farmlands, etc., acting as the main source of food to both humans and animals. 
Manmade topographic features, which fall under the category that most humans 
ensure that they plough and invest in, comprises of buildings, roads, property 
boundaries etc. 

The four features of land topography have a huge effect on aquifer recharge; the 
recharging of the aquifers depends on how much is interrupted. For instance, if the 
sources of water, rivers, swamps, oceans are polluted, the same water used to 
recharge the aquifers will reach the table water polluted which becomes harmful to 
human beings and animal consumption. On the other hand, if manmade features of 
the topography are not structured in a way that allows runoff water to seep back to 
the ground the possibility of the aquifer to recharge is of bare minimal. The untapped 
areas such as landforms and vegetation are most likely to have the water table to be 
fully recharged or at least for use through soil moisture and suitable for plantations. 
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Green Roofs 

The level of a city becoming smart has better ways of ensuring that it implements 
source control mechanisms. Green roofs are a way of turning barren landscapes into 
a living network of gardens (Willem 2005). It is a type of urban agriculture and a way 
of saving space and at the same time living expenses are reduced. Green roofs have a 
number of advantages such as: 


(a) Reduction of runoff water — one of the main aspects that African Countries are 
trying to fight 

(b) Act as a temperature buffer for the home. The plants combat the natural heat and 
coolness from the atmosphere 

(c) Economical potential of cultivating food from the green roofs 


Green roofs comprise a multilayered system that covers the roof of a building 
with vegetable landscaping. The roof is likely to consist of an impermeable layer, a 
growing medium, and a drainage layer. The impermeable layer aids in the survival of 
the plants by increasing the retention time of water in the substrate layer thus 
increasing the soil moisture. The Substrate layer or the growing medium layer retains 
the water and uses the right amount of organic and mineral proportions. The drainage 
system is the most important part in setting up the Green Garden. There are different 
types of drainage systems; however, the ideal one is that which provides good 
circulation and evacuation while at the same time offering water supply to the 
crops. In today’s modern green garden drainage system, they use rigid and open 
mesh structures plastic sheets (Critical Concrete 2018). 

Although, not to say that green roofs should be used in places where aquifer 
recharge is a priority, it only states that it can be used as an alternative source of 
acquiring water for consumption use and irrigation use as well. The implementation 
of Green roofs especially in urban areas of a country ensures hydrologic-hydraulic 
invariances in that area. This is one of the main areas that this chapter tries to focus. 


Rainwater Harvest 

Rainwater harvesting refers to different methods used to channel rainwater into an 
area where it can be used for other purposes (Black et al. 2012). There are various 
types of rain water harvesting systems used in different countries, which depends on 
the cost, size, and the complexity of the technology involved. However, the main 
aim is to ensure utilization of rainfall to be used as an alternative source of water both 
domestically and commercially. The beauty of it is that it can be used in a small or 
large industry or even at the homestead level. With the current climate changes, 
using resources to ensure the survival and usage of clean water in the future has been 
one of the ways to fight drought. 

The collection of rainwater from rooftops, or other surfaces or even open space 
into a catchment area is known as rainwater harvesting. This harvested rainwater 
could be used commercially, domestically, or for farming purposes (irrigation). On 
the other hand, harvesting rainwater could act as an advantage by providing 
stormwater management especially in urban areas thus leading to detention pools, 
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which are used to recharge aquifers. Slow runoff water has a higher chance of 
soaking into the ground, which has other advantages such as reducing contamination 
and avoidance of soil saturation. 

The types of rainwater harvesting include: 


1. Domestic rainwater harvesting. There are two types of harvesting systems used 
especially in developed countries: gravity systems and pump feed systems. 
Gravity systems are positioned at the top of a building, which uses gravity to 
propel water to different parts of the house. Examples are the use of gutters to 
direct water to the tanks. Pump feed systems on the other hand, is when water is 
pumped upward toward different water holding objects or tanks to be used for 
domestic use. Drilling of boreholes is an example of pump feed systems. 

2. Commercial rainwater harvesting. There are different types of harvesting systems 
that are used in large farms. The most common one is water butts, which is one of 
the common harvesting systems used in the UK. Water butts are barrel-like or bin- 
like tanks that collect water from drain pipes to store water that could be reused 
for farm use (The Renewable Energy Hub UK 2018). 


Although, at times the collected water may not be user friendly, the level of 
treatment when it comes to harvested rainwater depends on the use required and the 
dimensions of the size of a home or industry. Water required for Aquifer Recharge 
will definitely undergo a strict way of treatment as compared to one used for 
irrigation purposes. Also, water required for human consumption will require strict 
treatment unlike farm use or irrigation; some TDS would be left in the water in order 
to give nutrients to the plants. 


Redirecting Water in Retention Systems 

Urbanization in today’s world is more of covering all land with cement, leaving only 
the rural with soil. This significantly increases the runoff water to drainage systems, 
which are redirected to the rivers or other water catchments. In Rural areas the rate at 
which water soaks back to the soil and absorbed back to the soil is at around 95% as 
compared to an urban area, in which the water soaks only 5% that at least lands on 
soil, leaving only 95% running off. Urbanization in a retro sense has its effects on 
affecting water that flows. However, there are precautions that engineers can take 
when constructing buildings and roads. 

In cases of riparian lands, as stated earlier in the two rivers case, policies and design 
ideas ought to be structured to ensure that water is not blocked. Water flowing rates, its 
magnitude, frequency, and duration should be part of the measures that are included 
when constructing in riparian lands. In addition, these features can determine at what 
rate and amount it will soak into the ground and down to the aquifers. Therefore, 
channelling the water and either use it is another means of source of water for 
commercial use or constructing measurable ways of ensuring that there is no runoff 
water. For swampy areas, at times the ground is too full to absorb more water and will 
result in flooding of homes, in this case there should be a channel that redirects where 
this water needs to be absorbed back to the ground in a land that is a bit semi-arid. 
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Riparian land has been managed before using three practical methods, the Proper 
Functioning Condition (PFC), the Hydrogeomorphic Approach (HGM), and the 
index of Biological Integrity (IBI). In spite of the advancements in technology, 
African Countries have not yet implemented such strategies. PFC is a qualitative 
approach and depends on the knowledge and judgment of a team of experts. HGM 
and IBI on the other hand are based on quantitative data gathered and analyzed from 
unaltered to degraded sites prior to assessor’s involvement (National Research 
Council 2002). 


Management of Aquifer Recharge 


Infiltration Systems 

In the intent of refilling deep aquifers, a process involved, happens at a gradual rate 
through the unsaturated zone all the way to the aquifers. Although, there are 
underlying factors that depend whether the aquifer is suited in an area where it 
was used repeatedly then refilling it might take ages to do so. The creation of 
infiltration systems will look into a number of risk assessments, which include, 
land cover, soil characteristics, soil saturation, slope of the land, and evapotranspi- 
ration (Alley et al. 1999). 

Dependency on water and the rate at which the water is used while it depletes in 
the aquifers depends on the population of a country; it is not only used by humans 
but also animals. Controlled ways of recharging the aquifers need to be implemented 
in order to ensure safety for the consumption of water. There are two ways of 
recharge, artificial recharge and Natural recharge. Artificial recharge is the process 
by which excess surface water is directed into the ground either by spreading on the 
surface, using recharge wells or altering natural conditions to increase infiltration. It 
is a way of storing water in case of a shortage. 

There are a number of ways recharged water can be used. It can be redirected to 
semi-arid areas and arid areas for consumption and irrigation schemes. In coastal 
areas, with the use of artificial recharge, since it is fresh, this could be used as a 
control mechanism in avoiding seawater or saline water intrusion to the aquifers. 
There are three types of infiltration systems for aquifer recharge as a source of water, 
Treated Municipal Wastewater, Storm-water runoff, and irrigation water. In order to 
implement infiltration systems, risk assessments should be conducted by the gov- 
ernment to ensure safety measures are in order. Infiltration systems largely influence 
ground stability and water quality as the latter flows to water streams. Examples of 
such systems are infiltration trenches, basins, and permeable paving. 


Treating Municipal Wastewater 

For the Municipal water of a country ensures that it treats and input infiltration 
systems there are a number of things they would consider. The quantity and quality 
of wastewater in an area, the commercial and industrial establishment off an area, 
and the condition of the sewer system. The municipality has to analyze the waste- 
water at their disposal and then run the ingredients they are to concentrate and 
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Fig. 1 Figure of the treatment process of Municipal Wastewater Infiltration process. (Eschool 
2018). 


dissolve. Untreated wastewater contains an amount of microorganisms’ concentra- 
tion. These factors include originality of the water used, the general health of the 
contribution population (are they in a slum area or in an urban area), and the 
infectious agents that survived outside the hosts under a variety of environmental 
conditions (The viruses, in a group become resistant to the environment that kills 
bacteria). Wastewater treatments are classified in primary, secondary and advanced 
level (Fig. 1). 

The wastewater is first pumped to the system, and as a primary treatment, it is 
screened, then taken through to the grit chamber where the solid and huge particles 
are released, and finally to the secondary stage through the clarifier. The secondary 
treatment stage incorporates aeration process, which after takes the advanced treat- 
ment stage, which is the final stage before the water is directed to the aquifers for 
refilling or tanks for industrial or household use. 


a) Primary treatment of municipal wastewater 
This is the first step that includes screening of the state of the wastewater and 
grit removal. Once the water is screened, large solid particles are removed to 
avoid any interference at a late stage of treatment. Grit chambers are created as 
part of the infiltration systems to remove sand, seeds, glasses, eggshells, etc. 
There are other preliminary treatment operations such as the flocculation, odor 
control, chemical treatment, and pre-aeration. Primary treatment has very little 
effect when it comes to the removal of other biological species, which means it 
does not remove viruses at this stage 
b) Secondary treatment of Municipal wastewater 
This step is intended to remove soluble and colloidal biodegradable organic 
matter and other suspended solids (SS). This treatment involves an aerobic 
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biological process whereby microorganisms oxidize organic matter in the 
wastewater. 
c) Advanced treatment of Municipal wastewater 

This is the third stage of removal of nutrients, for instance, phosphorus and 
nitrogen and SS. This is the physical, chemical, or biological treatment process 
used to accomplish a degree of treatment. It removes SS and dissolved substances 
either organic or inorganic in nature. This is necessary especially if there is a 
direct injection into the aquifers for recharge. The major processes in this stage 
include, coagulation-sedimentation, filtration, nitrification, denitrification, phos- 
phorus removal, carbon adsorption, and reverse osmosis. 


Stormwater Runoff 

Stormwater runoff is one of the main contributors when it comes to aquifer recharge. 
However, pollution of the stormwater may contaminate the aquifers as well once 
they reach them, which needs treatment before they reach the aquifers. It is erratic in 
quantity and the timing as well could be when flash floods happen, or when a heavy 
rain has occurred. According to Larry, he tends to believe that season has a major 
impact when it comes to storm-water runoff quantity and the base flow (Mays 2001). 
The topography of an area has a major impact when it comes to stormwater pollution 
concentration, which tends to filter the pollutants. Impervious surfaces on driveways, 
parking areas, gutter drainage systems, and roads reduce infiltration of runoff and 
runoff to the ground. 

Detention ponds are constructed for specifically recharging groundwater through 
the bottom of the pond. The water filters slowly through the ponds and to the aquifer, 
they are created deep enough to prevent water plant growth but shallow enough to 
prevent anaerobic conditions formed at the bottom. Inspection is necessary occa- 
sionally to ensure that treated water is what recharges the aquifers. 

As a concept of salt evaporation ponds, water is directed into a pond where it is 
stored while it slowly soaks into the ground to the aquifers. In Kenya, Kitui District, 
Sand dams were created in order to store water, although this was only done in large- 
scale farms. A sand dam is constructed as a small dam, in and onto a riverbed of a 
seasonal river, where it is accumulated with sand. The sand layer acts as a filter for 
removing contamination and enabling water to reach the aquifers and recharge them. 
With areas that frequently receive huge rainfalls, there are chances of groundwater 
levels being high considering the use of multiple sand dams. 

Subsurface dams is another way of ensuring an aquifer recharge is exercised. 
They are created in semi-arid areas at the seasonal riverbanks, by digging a trench to 
the bedrock or other impervious layer. This is something that is exercised in Brazil 
and can be implemented in Kenya especially in semi-arid counties, such as Kilifi 
county. To prevent particles soaking into the ground, use of canvas when creating the 
trench is necessary to act as filters, which could puncture the fabric used. 


Treating Storm-Water 
Hydrogeologists ensure that they calculate the right places for constructions on 
ponds and measure input when it comes to treating the water to be used to refill 
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Fig. 2 Figure of Filtration 
process for stormwater runoff 
(Fluence News Team 2017). 


the aquifers, as well as calculating the right places that have aquifers that have 
enough water to be used. Sedimentation is the process of allowing suspended 
particles in water to settle out of the suspension under the effect of gravity. These 
particles become sludge, which is assisted by mechanical means that cause it to 
thicken (Bache and Gregory 2007). 

Although removal of particles can vary from one version to the other, the 
variations of storm-water filtration may include vegetation filtration, drainage sys- 
tems, and impervious pavements. The settlement of particles in ponds varies in 
different ponds in different areas. Therefore, when it comes to filtration either natural 
cause of treatment could occur when it comes to biodegradation, biotransformation, 
and bioaccumulation or the sedimentation process (Fig. 2). 


Irrigation Water 

Irrigation is considered one of the most important roles in food production in pursuit 
of food security of a country. Although exploitation of aquifer water for irrigation, 
and consumption use, particularly during dry season, has caused the groundwater 
level to decline in semi-arid and arid areas, there is no direct recharge of shallow 
aquifers. With the increasing use of groundwater, the rise of hydrogeological and 
climate change problems are becoming major setbacks of certain countries. How- 
ever, Irrigation Return Flow (IRF) is a promising way of recharging the aquifers for 
better sustainability in the future. 

Irrigation return flow is the excess drainage water collected from irrigated farm- 
land, which is considered as not evapotranspiration or evacuated by surface water 
and is returned to the aquifer (Dewandel et al. 2008). Depending on the types of 
crops, there are likely to be a number of agricultural chemicals applied, with a 
varying range of quantity input to enable growth and avoid pests. Irrigation is mostly 
used in semi-arid and arid areas; this increases the salinity of the IRF to three times 
that of normal water. 


Treatment 

Numerous things are involved in the irrigation return flow water that includes TDS, 
nitrogen and phosphorous compounds, pesticides residues, and, at times, metallic 
substances. There are different kinds of technologies that have been implemented in 
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different countries, especially with advanced technology, to ensure removal of such 
pollutants. 

Reverse osmosis system is one of the technologies used; it is a process that uses a 
permeable membrane to remove TDS. The first step of reverse osmosis is the 
sediment filter. It is a polypropylene sediment pre-filter that removes SS from the 
water. Then the carbon granule filter is activated, which removes the chlorine and 
other organic substances, unpleasant color, tastes, and odors from the sediment 
water. The third stage is to activate the carbon block filter, which removes the 
remaining chlorine and organic substance without the carbon fines. The RO Mem- 
brane is the fourth stage that rejects the wide spectrum of impurities including 
bacteria and viruses. Finally, the polishing resin carbon filter dissolves gases to 
ensure freshness and natural tasting clean water (Hydrolink Technologies 2014). 

Farm-led management is another implementation that most developed countries 
are undertaking. This involves training farmers on crop selection in relation to soils, 
methods of increasing yields, community-based pond water monitoring, and evalu- 
ation and knowledge management on aquifers. Besides that, training the farmers on 
the consequences of excessive use and implementation of well-directed aquifer 
protection measures has helped farmers to understand the quantity of water usage, 
fertilizers, and wastes to use. 


Management of Discharge of Water 


When water moves out of the saturated area or ground to the surface through springs 
or seeps, it is referred to as groundwater discharge. However, at times, groundwater 
discharge can be controlled, where water is pumped to a retaining tank or catchment 
basin. To ensure that water is used at a manageable rate, to avoid depletion of 
groundwater, control has to be instilled to ensure that this happens. There are various 
ways to ensure this happens, through creation of retention systems, existence of 
wetlands, and others. 


Retention Systems 

These are water systems meant to control the rate at which water is discharged to 
waterways by providing water storage areas such as ponds and small-scale basins. 
Retention systems are systems used to store water that is likely to be used for a 
longer period unlike detention systems that only store water for a short period and 
thereafter redirect filtered water back to the ground to refill the aquifers. 

A case in point is, as the rainfall season approaches, seasonal rivers tend to 
overflow and at times cause flood in certain areas especially ones that are arid. In 
this case, building of retention systems to pump water from the river to the systems 
could help in the use of the water during dry seasons. 


Wetlands 
Another way that discharge of groundwater happens is through the existence of 
wetland areas. The riparian lands as well as the swampy areas are in balance due to 


43 Sustainable Urban Drainage Practices and Their Effects on Aquifer Recharge 825 


the discharge of the groundwater. Though wetlands also come with various benefits 
of ensuring that the soil is hydric and at the same time maintaining the ecosystems 
habitant in these areas, the increase of groundwater discharge to springs and streams 
dampens the amplitude of flow fluctuations thus sustaining associated wetland 
environments. As a control mechanism, artificial wetlands are best ways to mitigate 
stormwater runoff issues. 


Conclusions 


This chapter recommends the smart infrastructure management methods and 
mitigation of rainwater and runoff through practices that direct water to catchment 
areas with a purpose of meeting the needs of saving water and utilization of water 
especially for African Countries. The focus on African countries is due to some 
falling under dry regions which means the possibilities of these countries being faced 
with reduction of water in the 50 years from now would be high in case they do not 
observe the different methods of mitigating water. Besides, the use of these mitiga- 
tion processes has socioeconomic impacts, which include the reduction of negative 
impacts of disaster risk management such as floods and drought on social life and 
reduction of energy costs, which is economical to a country. 

Most countries in Africa are currently adapting the advanced technologies such 
as Internet of Things (IoT), and Artificial Intelligence, either, in their cities, homes, or 
work environments. Implementation of MAR with such technologies has a likelihood 
of ensuring quality, and sufficient water for most African countries, thus improving the 
country’s economic status. The main agenda is to ensure that we avoid urban flooding 
in African Countries, with the implementation of infrastructures that help in redirecting 
runoff water to refill aquifers when already treated. This chapter suggested a number of 
solutions such as permeable pavements, implementation of green roofs, retention 
systems, rainwater harvesting methods, and use of catchment areas. 

Policy-making guidelines is another way to direct constructors on how to 
implement certain measures when constructing a structure that could distract water 
flow to reach the aquifers when treated and safe. Use of these guidelines ensures to 
incorporate the decision making and avoid constraints such as environmental 
constraints (instability) and financial constraints (more expenses in water treatments 
and retention systems). 

Water harvesting and other techniques have been used to help preserve water 
before runoff, the use of man-made aquifer recharge methods as a form of SUDs is a 
natural and more efficient way of helping runoff water to seep back to the water table 
and ensure a balance. This allows the table to follow its natural way of seeping in 
between permeable rocks from saturated to unsaturated areas. While trying to curb 
global warming, this is a step toward managing the effects of the melting ice caps 
through the natural replenishing of the water table. This practice can easily be 
adopted by everyone as we build more and more buildings creating a balance 
between the need for human settlement and the natural way of water replenishing 
itself. 
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Abstract 


The impacts of climate change are already being felt on human and environmental 
systems, with the brunt of the impacts being felt by communities in the Global 
South, particularly small-holder farmers due to their poverty levels and greater 
direct dependency on natural resources for their livelihoods. Hence, there is a 
need to understand how to build small-holder farmers’ resilience to climate 
change. Climate change adaptation strategies need to build livelihood resilience 
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in the face of climate change as well as address the factors that contribute to 
farmers' vulnerability. This chapter draws from a mixed-method study conducted 
in three villages each in a different agro-ecological zone in the Kilimanjaro 
region, Tanzania, to explore how to build farmers’ livelihood resilience through 
addressing factors that increase livelihood vulnerability to climate change. These 
farmers’ livelihoods are vulnerable because of both the impacts of climate 
variability on the farmers’ livelihood assets and certain social and environmental 
structures and characteristics. Building small-holder farmers’ livelihood resil- 
ience that can ensure the desired levels of livelihood outcomes in the face of 
climate variability and change, requires integration of strategies across household 
resource management as well as farm-based livelihood assets, and a holistic rather 
than piecemeal approach to small-holder farmers’ livelihoods. 
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Introduction 
Background 


The impacts of climate change are expected to affect human and environmental 
systems across the globe but the more devastating impacts are projected to occur in 
developing countries particularly affecting small-holder farmers (Serdeczny et al. 
2017). Many small-holder farmers especially in Sub-Saharan Africa farm and live in 
an extremely challenging environment. The production environment is characterized 
by reliance on rain-fed agriculture, a low level of economic diversification, and low 
livelihood productivity (Output per unit of input (Yu et al. 2002)) (Di Falco and 
Veronesi 2013). Climate change is expected to intensify existing challenges and thus 
there is an urgent need for adaptation of the livelihoods of small-holder farmers to 
enable them to thrive in the face of climate change. 

Addressing how to build resilient small-holder farmers’ livelihoods through 
adaptation to climate change is vital for food security as well as livelihood devel- 
opment (Afifi et al. 2014). To address these issues, considerable emphasis is placed 
by researchers on describing specific locally relevant agricultural or natural resource 
management practices or innovations that could potentially deal with impacts of 
extreme events at the farm/household level. However, it is important to note that the 
application of these strategies is context-specific and that several constraints exist 
that may limit farmers’ capacity to optimize their benefits. Therefore, there is a need 
to develop adaptation tailored to the need of that community (Ebi and Burton 2008). 
The context-specific adaptations result from examining the vulnerability of the target 
community empirically, and utilizing community experience and knowledge to 
examine exposure and sensitivity of the community to climate change (Ebi and 
Burton 2008). The context-specific adaptation strategies or practices based on 
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examination of adaptation needs of the specific community will generate more 
practical measures (Ebi and Burton 2008). Adaptation based on this approach is 
less developed (Paavola 2008), and this research helps fill this gap by presenting 
potential adaptation strategies that small-holder farmers in the Kilimanjaro region of 
Tanzania can use to adapt to increasing climate variability. Further information about 
the exposure and sensitivity of these small-holder farmer communities can be found 
in Mwasha (2020). 


Description of the Study Areas and Methodology 
Study Area 


The study was conducted in the Kilimanjaro region located in the North-eastern part 
of the Tanzania mainland. The region is divided into four agro-ecological zones; the 
forest reserve and Kilimanjaro mountain peak where no farming activities take place, 
and the highland, midland, and lowland zones where farmers are located (Fig. 1). 
Although all zones receive rainfall twice a year, the amount in each zone differs. 
Characteristics of the different zones are shown in Table 1. 


Research Methods 


Underpinning Theoretical Frameworks 

Two lenses of analysis were used in this research; a livelihood approach drawing on 
the sustainable livelihood framework of the UK Department for International Devel- 
opment (DFID) (1999) and socio-ecological resilience drawing primarily on the 
work of Biggs et al. (2012, 2015). The sustainable livelihood framework is an 
analytical structure to facilitate understanding of broad factors that constrain or 
enhance livelihood opportunities, and puts people and their access to assets (finan- 
cial, human, social, natural, and physical) at the center of this understanding (Reed 
et al. 2013). This framework also considers livelihood diversification as a risk 
management strategy and the role of institutions’ structures and processes in shaping 
peoples’ livelihoods (Ellis 2000). One of the main proponents of the use of a 
sustainable livelihood framework to studies of climate change resilience of poor 
communities is Tanner et al. (2015). They argued for resilience studies to incorporate 
a livelihood approach in order to pay attention to fundamental issues of human 
agency and empowerment, putting people at the center by focusing on capacities for 
human (rather than environmental) transformation. 

Biggs et al. (2012, 2015) distinguish between resilience as a property of social- 
ecological systems (SES) and resilience as an approach and set of assumptions for 
analyzing, understanding, and managing change in SES. As a system property, they 
define resilience of SES as the capacity of an SES to sustain human well-being in the 
face of change, both through buffering shocks and also through adapting or trans- 
forming in response to change (Biggs et al. 2015). In order to analyze or build the 
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Fig. 1 Location of the Kilimanjaro region and different agro-ecological zones. (Source: Author 
2020) 


resilience of a system, Biggs et al. (2012, 2015) identify seven principles. The first 
principle refers to diversity and redundancy. Diversity involves the provision of 
different options for responding to change, achieved by ensuring variety (the number 
of different elements), balance (the number of representatives of each element), and 
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disparity (how different the elements are from one another). Redundancy describes 
the replication of elements within a system. The second principle is to manage 
connectivity, focusing on the way in which parts of an SES interact with each 
other. The third principle is to manage feedbacks and slow variables, such as long- 
term changes to environmental assets such as soil fertility. The fourth principle is to 
foster complex adaptive system thinking. The fifth principle is to encourage learning 
and experimentation. The sixth principle is to broaden participation and the seventh 
to promote polycentric governance systems. This chapter draws primarily on prin- 
ciples one to three, further analysis of the principles in the context of this study can 
be seen in Mwasha (2020). 


Study Site Selection and Sampling Methods 

The administrative structure in which the villages included in this study site is shown 
in Fig. 2. The district in which the study was conducted was selected in discussion 
with the regional environmental officer (who oversees activities related to the 
environment in the region) based on preset criteria: accessibility, evidence of climate 
change, and the presence of the three agro-ecological zones. The Kilimanjaro region 
has seven districts, but only some have three agro-ecological zones. Simple random 
sampling was used to select one ward from each agro-ecological zone in the selected 
district, and to pick one village in each ward. The district, ward, and villages are not 
named in order to maintain anonymity. 


Data Sources, Collection Methods, and Analysis 

Data were gathered from individual household surveys of household heads (who 
were all small-holder farmers) in the study villages, focus group discussions in each 
village, interviews with key informants, and researcher observations. Although the 
survey did not ask about the total household size because I wanted to understand the 
labor force, the regional socioeconomic profile (2014) shows that the Kilimanjaro 
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region had an average household size of 4.3 in 2012 which is the lowest in the 
country compared to a national average household size of 4.8 in the same year. The 
household surveys collected quantitative and qualitative data on the household 
heads’ perceptions of the impact of climate change on the livelihood assets and 
farm production practices utilized by the household. The total numbers of 
interviewed households were 47, 35, and 24 in the highland, midland, and lowland 
zones, respectively. The total numbers of village for highland, midland, and lowland 
were 946, 702, and 483, respectively. Except in the lowland zone where the focus 
group was mixed gender, the midland and highland focus groups were gender-based. 
The focus group discussions explored trends in crop production, soil fertility, animal 
keeping, water availability, and management practices and their implication to 
climate change adaptation, as well as information about social factors that contribute 
to small-holder farmers’ vulnerability to climate change. Interviews were held with 
five key informants (a community development officer; a representative from the 
Tanzania Coffee Research Institute; a district and village agriculture extension 
officer; and a network of farmers’ groups in Tanzania which is Nongovernmental 
Organization) to understand their roles in helping farmers successfully adapt to 
climate change, factors that hinder farmers’ adaptation ability, and potential solu- 
tions. Observations in the villages by the researcher were used to inform under- 
standing of existing farm production practices. The data were collected in the 
Swahili language and translation was carried out by the researcher alongside data 
transcription. Details of the socioeconomic characteristics of the villages and mea- 
sures contributing to livelihood vulnerability are found in Mwasha (2020) thesis. 

The household survey data arises from closed-ended questions and open-ended 
questions with brief answers. The analysis of closed question data was carried out 
using SPSS descriptive statistics and qualitative data were manually coded using 
in vivo coding and descriptive coding, and grouped under the themes identified and 
entered into SPSS for analysis. 

Data from the key informant interviews and focus groups were manually ana- 
lyzed (Basit 2003). The transcription text was analyzed using evaluative coding 
based on the research questions (Smith and Firth 2011). The codes developed were 
categorized into different topics and then linked to form themes (Saldana 2009; 
Smith and Firth 2011). 


Results and Discussion 


This section is structured around four key areas of focus to support small-holder farmer 
adaptation to increase resilience to climate change. The first section focuses on the role 
of maximizing existing household assets, focusing specifically on human and social 
capital. The second section focuses on the management of physical and natural capital, 
also referred to as managing slow variables in reference to one of Biggs et al.’s (2015) 
resilience principles. The third section looks at the role of livelihood diversification, a 
key component of the sustainable livelihoods framework (DFID 1999), in building 
livelihood resilience to climate change, and Biggs et al.’s (2012, 2015) principles for 
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building resilience. The fourth section explores the role of government in supporting 
small-holder farmers’ adaptation and resilience to climate change. 


Maximizing Existing Household Assets: Household Decision-Making 
and Female Empowerment 


The way in which a household’s assets in terms of income and produce are utilized 
have a major role in building livelihood resilience. Both male and female focus 
group participants in the highland and midland zones gave examples of how division 
in household responsibilities (1.e., responsibility for keeping the family fed, shel- 
tered, educated, clothed) and divided ownership of resources within households 
(i.e., certain cash crops typically belonging to male members of the household) 
could lead to resources being used without consideration of what is best for the 
whole household. Focus group participants in the highland and midland zones 
viewed it as preferable to have joint ownership of assets and shared household 
responsibilities, where what is produced in the household is considered to belong 
to the whole family; with couples planning together how those resources are used, 
creating more transparent and balanced decision-making in the household. In the 
lowland focus group discussion, division of ownership, and household obligation 
were said to have no impact on household resilience. However, as the lowland focus 
group was mixed gender, participants may not have been willing to discuss the issues 
arising from different gender roles within the household. The details of division of 
household obligations of gender roles are found in Mwasha (2020). 

Achieving more balanced decision-making around resource use within house- 
holds is supported by wider policies that promote the empowerment of women 
through increasing access to education and financial capital. The need to support 
female empowerment was supported in discussions within both gender focus groups 
in the highland and midland zones as there was no direct question asked about this 
mater but it came up during the discussion about household resource use and its 
impact on household resilience to climate variability and change. The empowerment 
of women is also reported in the literature as increasing household resilience to 
climate change (Almario-Desoloc 2014). However, not all women in the Kiliman- 
jaro region, and Tanzania in general, have access to these opportunities (Kato and 
Kratzer 2013), and the slow pace of change requires other strategies to be adopted in 
some households to address problems of household resource utilization stemming 
from household inequities. In the highland and midland, there was discussion of how 
some women would hide some crop produce to be able to use this in times of 
adversity; showing how individual household strategies are used in helping build 
household resilience. 

Another strategy farmers in all focus groups reported to use to build resilience 
relates to food storage systems especially after harvest to give food a longer life 
and protect it from damage. The focus group participants in all three zones 
mentioned the use of storage tanks which are tightly sealed after being filled 
with food, especially maize and beans (other crops were also mentioned by female 
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participants), as their main method of storing food, to provide reserve food stocks 
in times of limited harvests. Although there was no specific question asked about 
food storage systems, these discussions came about while exploring hunger 
periods in the study area. 


Building the Household Assets Base 


Small-holder farmer livelihoods depend on the quality of the assets (human, social, 
financial, and natural capitals) to which a household has access. The available assets 
form the foundation upon which livelihoods are built and define the ability of the 
people in question to execute different livelihoods strategies (Chambers and Conway 
1992; DFID 1999; Ellis 2000; Scoones 2009). The discussion below explores ways 
to further build human and social capital (assets) which were perceived by respon- 
dents to be decreasing in the study area, and through this build resilience to climate 
change. 


Building Human Capital 

Human capital can be defined as the available labor force within a household to 
contribute to agricultural production, income generation, and household manage- 
ment. The household surveys identified that human capital was negatively affected 
as a result of malaria which has intensified by increasing temperatures allowing the 
geographic spread of mosquitoes particularly into the highland zone. 

Adaptation strategies are needed to deal with an increase in malaria and its impact 
on human capital (Onwujekwe et al. 2000; Teklehaimanot and Mejia 2008; Asenso- 
Okyere et al. 2011). Teklehaimanot and Mejia (2008) summarized malaria control 
strategies as follows: 


* Provision of early diagnosis and prompt treatment 

* Selective and sustainable use of preventive measures, including vector control 
* Prevention, early detection, and containment of epidemics 

* Strengthening local abilities and applied research 


These strategies require actions at both government and household level. 
Households are responsible for using preventive measures such as mosquito bed 
nets, managing the environment to reduce mosquito habitats, and going to the 
hospital when they get ill for diagnosis and treatment. The government is respon- 
sible for educating people about control measures, ensuring access to control 
measures and medical services, and investing in research on prevention and 
treatment of malaria diseases. Poverty also plays a crucial role in explaining 
why certain population groups are more vulnerable to malaria, because of the 
inability to pay for insecticide-treated bed nets and access to medical health 
(Teklehaimanot and Mejia 2008). In the study area, the household survey showed 
that most families were provided with free mosquito nets by the government to 
prevent malaria disease. 
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Building Social Capital 

The household surveys in this study show a perceived decrease in social capital 
(described as support that households provide to each other) partly caused by climate 
variability reducing the amount of crop yield. Social capital is important as it can 
help households survive the impacts of poverty (Baiyegunhi 2014) through provid- 
ing security in times of distress and access to resources (Grech 2012). There are 
different ways that households or individuals can build social capital. Baron et al. 
(2000) identified two different aspects of social relations that can build social capital 
for households and individuals: (1) obligations, expectations, and trustworthiness; 
and (ii) norms and effective sanctions. 

One core element of social capital is where people are willing to help each other 
and do things for each other, relating to Baron et al.’s (2000) “obligations, expecta- 
tions, and trust." For example, if an individual (named A) does something for B, and 
trusts B to reciprocate in the future, this establishes expectations in A and an 
obligation on the part of B. As A does the same to more people, and these people 
are trustworthy and responsible, this creates good safety nets for A in the event that 
something happens to A. This study revealed one practice based on these concepts of 
social capital, in the saving of food resources by one household for another, to be 
taken back in times of need. This area of social capital was the preserve of females in 
the communities who reported to support each other in this way. 

Social capital can also be developed through the development of norms and 
sanctions (Baron et al. 2000). However, these can be fragile as some people can 
misuse them for personal interest. Norms and sanctions relevant to this study include 
the promotion of norms that encourage family members and neighbors to act 
selflessly in support of others, which may be reciprocated, providing positive 
motivations. For example, a household which does not support another household 
may not be supported if they need help themselves (negative motivation), while the 
household which supports another during difficult times may be positively motivated 
by the possibility of needing support themselves in the future. 

These aspects that develop social capital for households and individuals are 
strengthened by social structures with high interconnectedness and interdependency 
between all actors (Fig. 3; Baron et al. 2000). This can be seen as another form of 
social capital; the connectivity of social structures that allow the proliferation of 
obligations and expectations. For example, in a less connected "open structure" 
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(Fig. 3a) individual A can carry out actions that negatively affect D and E who are 
not acquainted with each other, and therefore cannot unite to control the negative 
effects from A. In contrast, Fig. 3b shows that all actors are connected and therefore 
there will be stronger motivation for A to avoid negative effects on other actors. 

The household survey and information from the community development officer 
shows that in the study area some households have developed structures that 
facilitate social capital. They support each other by forming groups based on 
similarities between members such as family relations, friends, or similar work 
space or type. The groups work as informal saving and credit institutions, and 
members get different services such as access to loans and social support in case 
they face shocks in their life. Based on information from key informants, there is 
some nongovernment organization capacity building of these groups by providing 
training into how groups select leaders and develop financial management and group 
policy. The government encourages group members to register through the commu- 
nity development office to increase accountability but most are reluctant to register 
because of registration fees. More government-subsidized training and waiving of 
registration fees could improve social capital in the area. 

Drawing on the insights from Baron et al. (2000), households and individuals can 
improve their social capital by their own acts to support others and by developing 
trusted networks of individuals and households within their community, increasing 
their sources of support for times of adversity. Village-level initiatives based around 
these principles could also help develop social capital through promoting norms, 
trust, and responsibility and interconnectedness at the community level. 
Government-level initiatives can also help support more formalized social support 
networks such as credit unions. 


Managing Natural and Physical Capital: Managing Slow Variables 


This subsection adopts the concept of managing “slow variables” as used in Biggs 
et al.'s (2012; 2015) resilience framework. Slow variables are those variables that 
change slowly and can take time for changes in them to be noticed. The slow 
variables considered in this study focus on soil and water, two key areas of natural 
capital on which small-holder farmers depend, and which the results show have been 
affected negatively by management practices. Drawing on the study’s focus group 
discussions, household surveys, key informant interviews, and wider literature, this 
section describes strategies to ensure the adequate supply of water for agriculture, 
and strategies to improve soil fertility in the face of declines in these “slow variable” 
assets. 


Managing Water Resources 

Poor decisions and practices made by farmers, such as crop choice and inadequate 
water source management practices, can affect agricultural productivity particularly 
under weather-related stress (Bot and Benites 2005). This section looks at how 
farmers will need to adapt to climate change by choosing appropriate crops to 
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grow by considering plant traits with tolerance of water stress, conservation of water 
sources, and employing farming practices that encourage water infiltration and 
conserve soil moisture. 


Planting Crops That Can Survive Climate Variability 

Data collected in the study area demonstrated that in all three zones the types of 
agricultural produce grown by farmers threatens the capacity of the existing water 
resources to sustain agricultural production in the area, particularly as available 
water resources are perceived to have decreased. Cultivation of high value, high 
water demand crops, particularly horticultural produce such as tomatoes, cucumbers, 
onions, and carrots, has increased, increasing pressure on water resources. Although 
there are benefits to practicing horticulture as produce can be harvested in a relatively 
short time, the viability of these choices of crop is in question because of the capacity 
to sustain production in the long-term with trends of declining water availability. In 
contrast, traditional maize varieties are perceived to take a long time to mature 
(~6 months) which makes them vulnerable to the more variable rainfall patterns, 
potentially preventing the crops from reaching maturity. One solution is to replace 
traditional maize seeds with early maturing maize varieties which can survive the 
increased rainfall variability. In addition, planting drought-resistant crops such as 
millet is another strategy for managing the effects of decreasing rainfall amount and 
increasing variability. However, the results from this study show that the use of these 
crops is low in all three zones. As some farmers have negative attitudes toward crops 
like millet and cassava (another drought-resistant crop), there is the need for the 
government to encourage farmers to grow these crops through the development of an 
effective market for these crops. Government can also play a role in supporting 
further research into alternative drought-resistant crops but with a need to ensure that 
these will meet the needs and wants of small-holder farmers. 


Conservation of Water Sources 

Across all three zones, there are a number of different practices that were discussed 
as being important for the conservation of water resources, including encouraging 
on-farm tree planting and avoiding the cutting down of trees. The relationship 
between trees and water resources is complicated (Ellison et al. 2017). However, 
there is some indication that increasing tree planting on farms can help preserve 
water resources through the effect of shading to reduce evaporative loss from soils 
(Clement et al. 2016). 

The use of farming techniques for increasing infiltration, reducing surface runoff 
and evaporation, and improving soil water availability is essential in dealing with 
weather-related shocks (Biazin et al. 2012). There was evidence of these practices in 
the study area. For example, in the highland zone the use of terraces was reported to 
help control soil erosion, as well as reducing surface runoff and increasing infiltra- 
tion (Biazin et al. 2012). In the lowland zone, farmers reported using minimal tillage 
in order to protect soil moisture. 
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Rainwater Harvesting 

Rainwater harvesting may also increase productivity from existing rainfall. The 
harvesting systems mentioned by focus group participants can be categorized into 
two types: earth dams and spate irrigation. Focus group participants in all three zones 
reported the need for earth dams especially in the lowland zone, to harvest available 
rainwater and use it for supplemental irrigation. 

The use of spate irrigation was mentioned in the focus group in the lowland zone, 
where floodwaters from the highlands are channeled to nearby fields through gravity 
or water pumps to irrigate farms in the lowlands. This approach is used to cope with 
dry spells by taking advantage of the rain happening in upland areas even though it 
has ceased in lowland areas, as the rainy seasons last longer in the highland and 
midland zones relative to the lowland zone. 

In addition to providing additional water sources, farmers with access to spate 
irrigation reported other benefits such as improved soil fertility, reducing the use of 
fertilizer on their farms because the spate water comes with eroded materials that are 
nutrient-rich. Although this strategy has many benefits it may come with other 
challenges because large flash floods can potentially cause damage to crops and 
prepared land (Komakech et al. 2012), although this was not mentioned by any focus 
group or household survey participant. 

In addition to direct interventions such as water-conservation farming practices, 
wider systemic issues leading to poverty need to be addressed, because in some cases 
it is these systemic issues that push farmers in this area to inappropriately use water 
sources as a survival strategy. For example, as a result of reliable crop market, 
farmers chop down trees to sell timber as alternative source of income. 


Managing Soil Fertility 
Management of soil fertility particularly where weather-related shocks are experi- 
enced is vital for reducing the impact of climate change on soils as well as improving 
water productivity (Biazin et al. 2012). Soil fertility-related land management 
practices include appropriate use of fertilizer and soil conservation methods to 
reduce erosion and maintain organic matter (Clair and Lynch 2010; Kaczan et al. 
2013). Farmers in the study area identified strategies to increase soil fertility and 
conserve soil moisture such as mulching by retaining crop residues in fields, 
intercropping, the use of organic fertilizers, minimal tillage, and agroforestry as 
potential adaptation strategies. However, comparison between zones shows that 
while retaining crop residues, intercropping and use of organic fertilizers were 
mentioned in all three zones, minimal tillage was not discussed as a strategy in the 
midland and highland zones. In addition, the role of agroforestry was debated in the 
lowland zone, with the majority of participants believing agroforestry to be appro- 
priate in the midland and highland zones but not in the lowland zone because they 
perceive the crops grown in the lowland zone (see Table 1) do not require the shade 
provided by trees. 

Focus group participants believed that given the increased nature of climate 
variability and projected climate change, the benefits from retaining crop residues 
in fields were more important than ever. However, although maintaining crop 
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residues in fields was seen as an important potential adaptation measure to build 
livelihood resilience to climate variability, it was also acknowledged that this is 
hindered by the free grazing of animals by livestock keepers residing in the lowland 
zone. This was particularly problematic for farmers in the highland zone who also 
held farmland in the lowland zone, and were not able to monitor their land in the 
lowland zone. In addition, the need for fodder for livestock kept in the midland and 
highland zones was partly met by the transport of crop residues from the lowland 
zone. Participants reported that the nature of the issues faced meant that farmers now 
needed to find the balance between livestock feed and improving agricultural soils 
through retaining crops residue. 

In dealing with competing crop residue demands, agricultural intensification can 
help increase the amount of biomass produced which can be divided between 
livestock and that which can be retained in the soils. In addition, free-grazing 
animals in the lowland zone should be discouraged to motivate farmers to retain 
part of the residues in the farms. Livestock keepers should be encouraged to sell 
some of their livestock and retain only that which they can maintain using their own 
resources. 

Agroforestry was also mentioned as a potential adaptation strategy to address 
issues of declining soil fertility in the study area in all focus group discussions. The 
household survey results showed that participants believed this strategy to have both 
socioeconomic and environmental benefits. Research literature has also reported 
several benefits of agroforestry, including an increase in soil organic matter, erosion 
control, reduced sensitivity to harsh weather, natural pest and disease control, and 
provision of an alternative source of income (Reyes et al. 2005; Nair 2007; Nguyen 
et al. 2013; Pumarifio et al. 2015; Sepülveda and Carrillo 2015; Schwab et al. 2015). 
It is important to acknowledge that, in the survey results, there were a small number 
of respondents who disagreed about the benefits of agroforestry (particularly in the 
lowland zone) when combined with cereal crops like maize. However, studies do 
suggest that there is potential for agroforestry within maize production (e.g., Garrity 
et al. 2010), which offers opportunity to explore further types of trees that could be 
relevant in the study area to be integrated with maize, but the acceptance of farmers 
would need to be developed. 

The use of organic fertilizer from livestock is another potential strategy to 
enhance agricultural productivity (Clair and Lynch 2010) and was reported by 
focus group participants and key informants. However, farmers reported that the 
main challenge of using organic fertilizer was the inconvenience for some associated 
with transferring manure from the homestead where cattle are kept to the farm fields 
which could be up to 5 km from households. There are several potential ways to 
address these issues, including farmers cooperating with neighboring farm owners to 
hire transport and share the transportation costs. This shows the importance of social 
capital (in terms of a strong supportive community willing to work collectively) to 
address a range of issues. However, it should be acknowledged that any additional 
costs may be prohibitive for the poorest farmers highlighting that mechanisms to 
address financial capital and systemic issues leading to poverty underpin many 
different solutions. 
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Livelihood Diversification 


Small-holder farmers in the study area have access to three different areas of 
livelihood contribution: (i) crop production for subsistence, (ii) livestock keeping 
for subsistence, and (iii) off-farm income activities, including small business such as 
small shops, street vending, and sale of agricultural products for income. The results 
from this study show that not all households diversify their livelihoods even though 
in the focus group discussions in all three agro-ecological zones it was reported that 
households should ensure they have more than one livelihood option as a risk 
management strategy, particularly important in the face of increased climate change 
variability. Given the types of livelihood options practiced in the study area, there are 
some similar dependencies in almost all livelihood options. For example, crop 
production and livestock keeping are all dependent on natural capital such as soil 
fertility and water resource availability. This suggests that if the flow and stock of 
these resources are affected by climate change or climate variability, the main 
livelihood contributions will be affected even where there is some diversity in 
income. Drawing on Biggs et al.'s (2012, 2015) resilience principles, it is clear that 
greater resilience can be achieved with greater disparity in the diversification 
options, and therefore having different livelihood options based around agriculture 
may provide less resilience than including diversification away from agriculture. 


The Role of Government in Building Small-Holder Farmer Resilience 
and Adaptation to Climate Change 


This subsection looks at the role of government in helping farmers to adapt to 
climate change in the Kilimanjaro region of Tanzania. The discussion is divided 
into two areas: (i) the role of government officials (e.g., agriculture extension officers 
and community development officers); (ii) government policies and directives. 
Nongovernmental Organizations also often play an important role in tackling live- 
lihood adaptations in the Global South (e.g., Kajimbwa 2006; Oshewolo 2011). 
However, the role of NGOs was not a focus of this study and only one NGO was 
included as a key informant interview, nor were NGOs brought up by study 
participants in the discussions of livelihood resilience and adaptation to climate 
change. Government officials provide small-holder farmers with access to different 
services. For example, connections between farmers and agriculture extension 
services are an important way of providing farmers with timely and relevant knowl- 
edge on agricultural aspects of livelihood management (Fosu-Mensah et al. 2012) 
especially where traditional knowledge systems do not work in responding to 
climate change (Shackleton et al. 2015). The need to improve access to agriculture 
extension officers was mentioned by some respondents in the household survey as 
well as in key informant interviews. Access to extension officers by small-holder 
farmers could be improved by allocating more extension service providers to farmers 
as well as providing the service providers with improved means of transport to 
facilitate their transport to the small-holder farmer villages. The community 
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development officers differ to agriculture extension officers in that they work with 
farmers to provide financial capital. However, the existing financial support given to 
women and youth group projects was reported to be inadequate compared to the 
demand. Therefore, the government needs to provide other sources of support such 
as credit, which farmers can exploit as access to financial capital is essential to 
facilitate adaptation (Deressa et al. 2011; Ndamani and Watanabe 2015; Belay 
et al. 2017). 

There are a number of policy areas that were identified in the study where 
government could make adjustments to create more favorable conditions to support 
farmers’ adaptation to climate change. These include: the 2007 Warehouse Receipt 
System (WRS) introduced to help farmers take advantage of price fluctuations by 
enabling farmers to store crops in warehouses and sell them when prices are high 
(MAFAP 2013). There was low use of WRS, especially for cereal crops. The 
government needs to increase the capacity of cooperatives unions, farmers’ organi- 
zations, and savings and credit cooperatives to be able to implement the WRS for the 
variety of crops that are produced in the study area. 

There are several areas of regulations where there is weak implementation 
causing availability of fake agricultural inputs in the market. Examples include, 
the Seeds Act (2003) which regulates the production and trade of all varieties of 
agricultural seeds including the mandatory provision of seeds for quality assurance; 
the Fertilizer Act (2009) regulates and controls the quality of fertilizer, either 
domestically produced or imported; and the Tropical Pesticides Research Institute 
Act (1979) which regulates research on pesticides for the purpose of ensuring their 
quality. The study participants reported poor implementation of these regulations 
with negative effects on the farmers. This shows a need for the government to ensure 
existing laws and policies are implemented more effectively to achieve the intended 
results. There were also government actions which small-holder farmers directly 
referred to as having a negative effect on their livelihoods. These included an export 
ban on crops preventing farmers from maximizing income in times of food scarcity 
in other countries (but supporting food security within Tanzania); government 
appropriation of resources (particularly water) for urban areas; and the lack of 
implementation of a requirement for using scales for measurement of agricultural 
produce meaning that farmers often ended up being short-changed by unscrupulous 
buyers. 


Conclusion 


This chapter discusses areas of focus to build the livelihood resilience to climate 
change of small-holder farmers in the Kilimanjaro region of Tanzania, drawing on 
results from a study of three villages in the region and key informant interviews. 
Building small-holder farmers’ livelihood resilience needs to be tackled at different 
spatial and temporal scales; from individual farmer decisions to government inter- 
ventions, from short-term to long-term strategies, and in different spheres from 
household management practices, agricultural practices, livelihood diversification, 
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to the building of community and social capital, and the development of wider 
regulatory and economic systems. 

These results highlight the importance of scale and context. Even a single region, 
such as the Kilimanjaro region studied here, is not a homogenous block. Although 
there were some similarities across the three agro-ecological zones such as the 
importance of measures to build social capital, control malaria disease, and the overall 
management of slow variables, there were some distinctions in the actual practices for 
management of slow variables as well as the existing social structures affecting 
resilience within the household. For example, the use of terraces and agroforestry 
was perceived as relevant in the highland and midland zones while leaving crop 
residues, minimal tillage, and drought-resistant crops were articulated more in the 
lowland zone. However, it should also be remembered that these zones do not exist in 
isolation, for example, some small-holder farmers own land in a different zone to the 
one in which they live, water resources from the highland zone travel through the 
midland and lowland zone, and forage for livestock may be sourced from a different 
zone. Therefore, changes implemented in one zone also have the potential to impact 
other zones, requiring adaptation measures to both respond to the specific context of 
an area and understand the interconnections between areas. 

Combining a socioecological resilience framework and sustainable livelihood 
framework provides an important approach to understand small-holder farmers’ 
assets bases as well as their vulnerability and sensitivity to climate change (Mwasha 
2020). This combined framework also helps to understand the barriers to climate 
change adaptation strategies as well as strategies to build resilience to climate change 
across different temporal and spatial scales and spheres. Building resilience princi- 
ples into sustainable livelihoods thinking clearly has a role to play in addressing the 
resilience to climate change of small-holder farmer livelihoods in the study region 
and likely throughout the Global South. 
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Abstract 


Africa’s urban morphology is expected to develop at a steady rate between 2020 
and 2050. Population growth, rising urbanization rates, growing energy con- 
sumption, and industrialization are only a few of the reasons causing these 
changes. Likewise, waste production is projected to rise from 125 million tons 
in 2012 to 244 million tons annually by 2025. Around 60.0% and 80.0% of 
African waste is made up of organic material, which is a viable methane source. 
Fly tipping, free disposal, landfilling, and incineration have been used as a large- 
scale waste treatment system in most African cities. However, with the antici- 
pated morphological changes, these solutions are no longer viable in the future 
due to lack of airspace, availability of urban land for new landfill sites, and 
concerns over carbon emissions. This chapter discusses the potential for 
improved adoption of material recycling facilities (MRF) in urban environments 
as an incentive to support waste diversion from landfills, decentralize waste 
separation activities, and increase the transformation of waste materials into 
valuable raw materials. A case study is discussed for Ethiopia, Ghana, and 
South Africa with the goal of explaining current processes, urban planning 
initiatives required for greater implementation, and how they can be interpreted 
as adaptation initiatives. 


Keywords 


African cities - Urban morphology - Waste management : Methane - Material 
recycling facilities 


Introduction 
Towards Zero Carbon Cities 


Africa has 1.3 billion people (Worldometer 2020) and is the second largest continent 
after Asia. Many regional studies consider the socio-economic promise of the 
continent, propelled by urbanization, industrialization, and demographic growth. 
Achieving this potential would be confronted with a variety of obstacles. Solid 
waste management is currently one such problem particularly in urban areas. Ten 
of the fastest growing cities over the next decade are expected to be in Africa. Such 
cities include Luanda (Angola), Yaoundé (Cameroon), Dar es Salaam (Tanzania), 
Kumasi (Ghana), Kampala (Uganda), Lusaka (Zambia), Douala (Cameroon), Mbuji- 
Mayi (Congo), Antananarivo (Madagascar), and Tshwane (South Africa) (Knight 
Frank 2017). When these cities expand, accumulation of industrial waste becomes 
expected. Most African cities are generally planned and organized based on colonial 
urban planning (Home 2015). Little or no town planning has been undertaken since 
independence. That means little or no concern other than landfills and open dumps 
built in the 1960s and 1970s for urban waste management. 
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The main issue is the effect on carbon emissions in all municipal solid waste and 
cities. The African continent is vulnerable to climate change impacts. Urban areas 
are critical for effective adaptation to climate change (Revi et al. 2014). More than 
50.096 of the world lives in urban areas and these communities partake in industrial 
practices that generate greenhouse gas (GHG) pollution. Socio-economic inequal- 
ities have also seen a dramatic rise in informal settlements in regions that are 
vulnerable to climate threats, such as natural disasters, public health, damage to 
homes, and income disruption. Inadequate provision of infrastructure and service 
delivery are exacerbating risks, especially for low-income households (Revi et al. 
2014), and the pace of urbanization has exceeded the ability of many governments to 
handle it. In 2018, nine African cities pledged to achieve zero carbon cities by 2050. 
The cities include Accra (Ghana), Addis Ababa (Ethiopia), Dakar (Senegal), Lagos 
(Nigeria), as well as cities of Cape Town, Durban, Johannesburg, and Tshwane 
(South Africa). Nairobi (Kenya) and Abidjan (Cóte d'Ivoire) are still expected to 
pledge. Drastic policy, human intervention, and finances will be required to reduce 
emissions from transport, construction, energy production, and waste management 
sector (The Economist 2018). 

Waste management practices in Africa are not the most effective. Landfill alone 
contributes between 3.0% and 5.0% of overall industrial emissions (Zhang et al. 
2019). Much of the academia and industry focuses on encouraging recycling prac- 
tices not only as a method of waste disposal from landfills and open dumps, but also 
as a measure of climate adaptation and mitigation. Africa recycles only 4.0% of its 
total solid waste (Mohee and Simelane 2015; UNEP 2018). Before landfilling, 
further exploration of waste collection, separation, and beneficiation is necessary. 
More Material Recycling Facilities (MRFs) should be considered to boost recycling 
practices, waste data collection, and alleviate African cities from disposal pressures. 
Countries such as the United Kingdom have state-of-the-art engineered facilities that 
divert approximately 50,000 tons of waste per annum from landfills (Ali and 
Courtenay 2014). In the African context, academic research pertaining to MRF 
adoption and implementation is far and few in-between while industry or commis- 
sioned research is available but restricted between client and supplier. There is a 
global motivation to dispose of waste from open dumps and landfills as well as to 
reduce the contribution to emissions. With growth and urbanization proliferating in 
the coming decade, it is our view that urban planning has a role to play in rising 
MRFs as a way of mitigating the projected volumes of waste in urban areas. 


Objectives and Chapter Outline 


Urbanization and population growth are anticipated to be significant drivers of 
climate change and pollution in the Global South. Currently, cities accommodate 
over half of the global population, generate approximately 82.096 of global GDP, 
account for 70.0% of global energy consumption, and account for over 70.0% of 
greenhouse gas emissions (Godfrey and Zhao 2016). However, it is estimated that by 
2050 global, urban population will exceed 6.7 billion and that nearly 80.0% of 
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population growth will take place in low and middle income countries, where 
populations are already rising by over one million people per week (C40 Cities 
Climate Leadership Group 2016). There is therefore an urgent concern to increase 
climate change mitigation and adaption efforts in African cities. Thus, the main 
objective of this chapter is to determine how material recycling facilities can be used 
as tools to facilitate climate change adaptation (and mitigation) in African cities. 

To this end, the approach used consisted of exploratory case studies of three waste 
disposal activities in Ethiopia, Ghana and South Africa, and a review of secondary 
data, consisting of project reports and scholarly articles. The report is organized as 
follows: section “Literature Review” addresses the evolution of urban planning in 
Africa and contextualizes the relationship between climate change and waste man- 
agement in Africa as well as the rationale for improving waste management and 
introduces Material Recycling Facilities, how they are planned and designed. The 
aim is for readers to have an appreciation before going into the case studies. Section 
“Research Approach” discusses the exploratory case study approach. Section “Case 
Studies” discusses whether Ethiopia, Ghana and South Africa have urban, waste 
management, and climate change adaptation plans, strategies, and projects relating 
to MRFs. Section “Proposed Recommendations and Conclusion” offers climate 
change and waste management practitioners recommendations and concludes with 
an assessment of urban planners’ roles and responsibilities. 


Literature Review 
Evolution of Sustainable Urban Planning in African Cities 


Africa’s towns and cities are shaped by laws imported from British colonial rule 
from the 1920s (Home 2015). Urban Planning, interchangeably referred to as Town 
and Regional Planning or City Planning, is a discipline within the built environment 
that is concerned with designing and developing land use (Lubida et al. 2019). It was 
officially recognized as a profession in the latter twentieth century (Home 2015). 
Key considerations range from transportation, engineered utilities (water, electricity, 
sewerage systems), infrastructure, communication, and social amenities (schools, 
hospitals, parks, economic activities). Spatial and land use planning are the most 
predominant specializations in the field of urban planning. This is a dynamic activity 
that requires juggling social, cultural, environmental, and political influences 
(Lubida et al. 2019). Decisions surrounding zoning, subdivision, and urban planning 
are taken by land use authorities, in consultation with different stakeholders (Home 
2015). Amenities such as waste management have not been deliberate in planning 
strategies. While there is a global push for cities to become more environmentally 
responsive and to implement mitigation and adaptation initiatives through policies 
and strategies — Sustainable Development Goal 13, Target 13.2 — current urban 
systems are not conducive. A large part of African cities are still centered around 
colonial town planning principles and regulation, with a morphology characterized 
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by informalities — informal settlement, informal structures, and informal waste 
pickers. 

Postindependence, there was very little evidence of the evolution of land use 
planning, especially the form that supports sustainability. Throughout the 1980s 
and 2000, several academics started to re-invent postmodern planning, one driven 
by economic development and environmentalism (Okeke and Nwachukwu 2019). 
An increasing body of literature on urban sustainability and innovative planning 
approaches has begun to shift urban development patterns (Lwasa and Njenja 
2012). The term “green technology" was identified as a tool for modern urban 
planning. This includes deliberate coordination of activities that are energy 
efficient and promote renewable energy, recycling activities, and more. There 
are different technologies that contribute towards sustainable urban planning, 
such as the implementation of enhanced municipal waste management (Laffta 
and Al-rawi 2018). Four types of eco-technologies that urban planners can start 
implementing more are: 


1. Environmental Technology: a range of technologies relating to waste manage- 
ment, access to water and energy 

2. Information Technology: hardware and software coupled with environmental 
sensor technology to collect environmental data 

3. Geographic Information Systems: collect, share, manipulate geographic data and 
incorporate with Urban Information Systems to guide design and development of 
land use and environmental plans 

4. Communication Technology: software to transfer data and knowledge to different 
environments 


Green technologies are most prevalent and commercialized in Denmark, Sweden, 
Japan, India, Iraq, Finland, Canada, and the United States of America, just to name a 
few (Laffta and Al-rawi 2018). Opportunities for African planners to leapfrog are 
bountiful. Such tools can be used not only for sustainable urban development and 
waste management but as part of climate mitigation and adaptation strategies. Kenya 
is not far from realizing the benefits of green technologies. Urban planners are 
responsible for solid waste management. The National Solid Waste Management 
Strategy is used to incorporate solid waste management and best practices into urban 
plans. The plans are then subjected to a Strategic Environmental Assessment, which 
assesses aspects such as sustainability, proposed waste management programs, as 
well as relevant services and facilities (Ozoike-Dennis et al. 2019). The authors 
further state that solid waste management (SWM) plans are included in the Nairobi 
Integrated Urban Development Master Plan (NIUPLAN). The SWM plans focus on 
"improving waste collection and transportation system, closing open landfills, and 
constructing Material Recovery Facilities, where waste material is to be separated to 
compost biodegradable material, and recycle non-biodegradable material." In South 
Africa, municipal departments in charge of solid waste management are required to 
develop Integrated Waste Management Plans as stipulated in the National Environ- 
ment Management: Waste Act (59 of 2008). The IWMPs include practical aspects of 
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managing waste in municipalities. It is one of the sector plans that feed into and is 
guided by the Integrated Development Plans (Sango et al. 2014). 


Climate Change Adaptation 


The mean annual temperature in Africa increased by 1.7 °C in the last two decades of 
the twenty-first century and temperatures are expected to increase faster than the 
global average in the last two decades (Revi et al. 2014). It negatively impacts on 
livelihoods, health and sanitation, access to water, agricultural production, and urban 
infrastructure as well as slows down sustainable development (Reda and Tripathi 
2011). Climate change demands new sustainable development strategies through 
mitigation and adaptation measures. Africa generates just 4.0% of global pollution, 
but will suffer serious consequences (Reda and Tripathi 2011). Field et al. (2014, p. 
1104) define adaptation as a “response strategy to anticipate and cope with impacts 
that cannot be (or are not) avoided under different scenarios.” Adaptation has to do 
with strategies and plans that can be implemented. They should be linked to 
development strategies and plans and disaster risk management. By doing this, 
developmental benefits are identified for the shorter term while reducing vulnerabil- 
ities in the longer term (Mimura et al. 2014). The importance of adaptation is 
influenced by how the issues are outlined (Mimura et al. 2014). They are heterog- 
enous and very few have been monitored and evaluated in great detail. The process 
of adaptation planning is a complex social process that can create unrealistic 
expectations. It is done at a national level and implemented at a local level. However, 
poor coordination as well as recent and quality data can also impede the transition 
from planning to implementation, as is the case for many developing and developed 
countries (Mimura et al. 2014). 

Accordingly, adaptation responses differ from context to context and involve a 
multiscale perspective which takes into account cultural, social, environmental, and 
institutional factors. If climate change is moderate, sustainable development will be 
greater and if it is high, sustainable development has less impact (Field et al. 2014). It 
involves designing strategies in the sense of waste management which reduce 
generation. Given the expected population growth, waste generation is unavoidable. 
Several primary practitioners interested in adaptation responses are environmental 
planners as they are planning for physical environments, environments impacted by 
disasters of climate change (Mimura et al. 2014). They build land use plans enabling 
or avoiding climate-risk projects (Revi et al. 2014, p. 8). City planning and land 
management are important (but certainly not the only) resources for policymakers to 
create climate-resilient city systems and construct capacity for sustainable urban 
growth at local level, connecting adaptation and mitigation steps, and enhancing 
livelihoods and quality of life for urban communities. Attention should shift to 
integrated development planning (Reda and Tripathi 2011). Today, African cities 
face a critical urban situation marked by a failure of governance structures in the face 
of increasing waste production combined with strong demographic growth and 
proliferation of slums and poverty. Strengthening waste management capability is 
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critical for fostering smart urban growth and maintaining cities’ democratic, eco- 
nomic, and social stability. 

Greenhouse gas emissions from urban waste in developing countries are expected 
to increase drastically in future (Friedrich 2013) which may result in increased 
emissions from the waste sector. Increasing recycling, anaerobic digestion, and 
composting activities can reduce emissions. Waste material is not the only aspect 
of the value chain contributing towards emissions. Collection and transportation 
consume approximately 5 dm? (liters) of diesel per ton of waste, which accounts for 
15 kg CO»e emissions from landfilling alone range from 145 to 1,016 kg COze per 
ton of wet waste. Aerated and turned windrow composting releases between 172 and 
186 kg CO; per ton of wet waste (Friedrich 2013). 

Globally, landfills contribute 3.0% to 5.0% of total global emissions (Zhang et al. 
2019) because methane gas is the main carbon emission (Couth and Trois 2012). In 
Africa, it remains the cheapest and most common disposal method. Landfills are 
categorized as controlled or uncontrolled dumping or semi/medium/highly 
engineered facilities. The status of landfill classification structures in sub-Saharan 
Africa between 2000 and 2018 was evaluated by Idowu et al. (2019). To name a few, 
they identified 31 landfill sites across South Africa, Botswana, Cameroon, Ghana, 
Uganda, Kenya, Tanzania and found that 80.0% were listed as 0 and 1 (where 0 was 
classified as open dumpsites and 1 as controlled tipping). Classifications as non- 
engineered landfills make it difficult to beneficiate waste and manage environmental 
impacts such as leachate, groundwater contamination, air borne particulates, and 
pollution. Vaccari et al. (2019) conducted a technical review of leachate character- 
istics in landfills and open dump engineering in developing countries. The authors 
found 21 engineered landfills and 13 dumpsites across Africa as well. 


State of Waste Management in Africa 


Local authorities in developing countries are facing significant waste management 
problems as a result of an increasingly rapid rise in locally generated quantities and 
the complexification ofthe forms of waste to be handled. Informal waste collection is 
also used as an external constraint: it usually takes place under unstable social and 
environmental circumstances and, a priori, makes waste disposal more complex, 
managed by a multitude of minor actors. Moreover, data on waste quantities, 
characteristics, and source is a major impediment particularly for proper planning, 
implementation, monitoring, and evaluation. Most of the data in this section is based 
on 2005 and 2012 statistics, which was also used to forecast waste proliferation by 
various regional bodies, namely, the United Nations Environmental Programme. The 
daily ratio is the amount of waste generated per capita and per day. Its knowledge is a 
crucial phase in the introduction of waste management approaches. The amount of 
waste produced is always very heterogeneous and variable depending on the region, 
the lifestyles and culture, and the socio-economic level. Changes in lifestyles, living 
habits, consumption, and demographic growth have a significant effect on the 
quantity and typology of waste generated. This development often varies from one 
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city to another within the same region, or from one district to another within the same 
city also according to peoples “living conditions." In sub-Saharan Africa, though per 
capita waste production rates are lower than in other areas of the world, high 
population growth, combined with increasing urbanization, would increase unbear- 
ably waste generation beyond existing capacities. In this regard, Kaza et al. (2018) 
forecasts that the overall quantity of waste in Africa will double from 174 million 
tons per year in 2016 (2.1 billion tons globally) to 269 million tons by 2030 (3.4 
billion tons per year in 2025). Africa’s waste generation accounts for 9.0% of total 
global waste generation (Kaza et al. 2018). Developing countries generally have an 
average annual production of waste per capita ranging from 180 kg to 240 kg, a 
quantity that is likely to double as a result of industrialization and the evolution of 
production and consumption patterns if adequate measures are not taken to influence 
this progression. 

Waste Services and Infrastructure: Municipalities are responsible for providing 
waste related services in most African cities (Friedrich 2013; UNEP 2018). Infra- 
structure includes but not limited collection, transportation, recycling, treatment, 
disposal, and beneficiation in some cases. However, expensive and insufficient 
capacity limits their ability to provide sound infrastructure and quality services to 
all its customers. Lack of payment by customers has a direct impact on municipal- 
ities’ waste management budget, which restrains their ability to ensure quality 
services and infrastructure. To deal with this issue, private sector companies and 
community based organizations partner with municipalities (UNEP 2018). There is a 
relationship between Willingness to Pay (WTP), affordability, and quality of services 
rendered. 

Waste Generation: In 2012 Africa generated an estimated 125 million tons, 
65.0% of which was sub-Saharan Africa (80 million tons), and by 2016 it was an 
estimated 174 million tons. Waste generation is expected to more than double to 244 
million tons per annum by 2025 (UNEP 2018) to 269 million tons in 2030 and 516 
million tons by 2050 (Kaza et al. 2018). Some of Africa’s big economies, comprising 
of Algeria, Nigeria, South Africa, Ethiopia, and Egypt, are expected to be some of 
the biggest generators of waste. The forecasted growth is likely to adversely impact 
the climate if adaptation and mitigation measures are poorly implemented (Fig. 1). 

Waste Composition: Waste composition has direct implications about how it is 
collected and disposed. Increasing raising living conditions are correlated with a 
qualitative shift in waste. As a country’s income rises, the biodegradable ratio of the 
waste often declines as plastic, paper, and other industrial material waste 
rises (Hoornweg and Bhada-Tata 2012). The environmental effects of such a qual- 
itative mutation are negative as nonbiodegradable waste takes more time to decom- 
pose. For Africa, the organic component is still the largest and emits a lot of methane, 
but it is likely to decline with the economies “industrialization movement.” Fifty 
seven percent (57.0%) of MSW comprises of organic matter (Couth and Trois 2012; 
Mohee and Simelane 2015; UNEP 2018), followed by plastic (13.0%), paper and 
cardboard (9.0%), glass and metal (4.0%each), and other material (13.0%). How- 
ever, composition varies from country to country, depending on economic activities, 
income level, consumer attitudes, and culture (UNEP 2018) (Fig. 2). 
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Fig. 1 Total MSW generation (10° tons/year) of African countries in 2012 (a) and 2025 (b? 
(UNEP 2018) 


Other 
1396 
Metal 
496 
Glass Metal 
496 496 
Glass 
: Organic 596 Organic 
Plastic 5796 4696 
1396 
Plastic 
1096 
Paper 


996 


A Sub-Saharan Africa 


Fig. 2 Municipal solid waste composition (UNEP 2018) 


Waste Collection: Uncollected waste remains very large in Africa. It might be 
necessary to note, however, that certain African cities have adopted improved 
management selection techniques. Some work has shown a spike in private-sector 
collections (UNEP 2018). Choosing a treatment method entails multiple economic, 
social, and environmental factors such as waste generation, population density, and 
location of waste collection centers (Mohee and Simelane 2015). Unregulated 
landfills and informal recycling are the main waste disposal methods in African 
countries and there is a high demand for waste services and low supply. Majority of 
the budget for MSW 1n developing countries is spent on waste collection yet only 
55.0% of total waste generated was collected. Although waste collection is expected 
to increase to 69.0% by 2025 (UNEP 2018), where it will be disposed remains a 
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concern. Collection services are most present in urban areas compared to suburban 
and rural areas. A common practice is door-to-door collection, by both public and 
private sector contractors. In peri-urban areas, community-based organizations are 
very important. 

Disposal Methods: Landfilling and open dumping are the most common waste 
practice on the continent because both are considered the cheapest forms of disposal 
(UNEP 2018). Landfills are categorized differently, but the most common categories 
are controlled and uncontrolled. The nature of landfills and open dumps have little to 
no consideration for human health and the environment. Poor sanitary engineering 
and waste treatment results in groundwater contamination, leachate overflow, and an 
unpleasant stench. Across most landfills and open dumps in Africa, scavenging 
activities are inevitable (Idowu et al. 2019). Households near disposal sites are 
exposed not only to waste-borne diseases, but sharp objects and dangerous chemical 
excretions. Furthermore, GHG emissions are exacerbated due to poor waste mini- 
mization prior to disposal and open burning (9.0%). As the sites become full, the 
disposed waste is burned in order to reduce volumes and create more space (Fig. 3). 

Opportunities for waste recycling: Most literature about recycling acknowledges the 
opportunities presented by such activities. In the African context, a lack of empirical 
data is one of the reasons why it is not a common practice particularly within the public 
sector. Recycling is not a well-known method in most municipalities, and this may be 
attributed to a lack of knowledge. Recycling activities are done by private contractors 
and informal waste pickers and they represent only 4.0% of total recycling activities on 
the continent (UNEP 2018). Although these are positive strides, waste material from 
developed countries continues to be dumped and lead to new waste streams, and most 
municipalities are not well equipped with the necessary logistics required for handling 
recycling. The informal sector, which comprises of mainly waste pickers, largely 
practices recycling for economic reasons. They play an important part towards reducing 
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Fig. 3 Methods of end-of-life MSW disposal in Africa (UNEP 2018) 
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carbon emissions (Nzeadibe 2013; Oduro-Appiah et al. 2019). Recyclables such as 
plastic, glass, paper, and metals are supplied to commercial businesses. Organic waste 
which releases the most emissions due to its CH* composition is seldom recovered for 
large-scale impactful composting. Waste pickers in South Africa save municipalities an 
average of US$30 — US$70 million annually in landfill airspace, with little to no 
financial or operational support (Godfrey et al. 2016). 


Material Recycling Facilities 


There are many alternative waste management options available but not all are 
economically or contextually viable for the continent. Recycling activities and energy 
recovery technologies are currently being implemented but both on a very small scale. 
Technologies that can be reviewed are biological treatment, mechanical biological 
treatment, thermal treatment (incineration, gasification, and pyrolysis), and material 
recycling facilities (UNEP 2018). As mentioned in previous sections, Africa's 
recycling rate is only 4.0% annually. Municipalities are impeded by financial and 
infrastructure costs and private sector recyclers’ business models do not cater to all 
waste producers due to affordability. Informal sector recyclers are an important aspect 
of the waste value chain (Godfrey et al. 2016). Material recycling facilities are an 
integral part of an integrated waste management model and offer a great opportunity 
for all the role-players to converge. The study focuses on material recycling facilities 
due to their ability to be implemented immediately, contextually, and cost-effectively. 

Defining MRFs: An MRF is a plant where waste is received, sorted, and pro- 
cessed for revenue generation and to reduce negative environmental externalities 
(Hosansky 2018; Zafar 2019). The plants can be classified either as dirty or clean. 
Dirty MRFs process mixed waste which requires a lot of manual labor while clean 
MRFs tend to process waste that was separated at source and reduces waste 
contamination. MRF sizes vary from context to context. Zafar (2019) states that 
small MRFs process less than 10 tons per day and price ranges between US$500,000 
and US$1 million. Price determinants are costs of building material, location, and the 
level of automation required. Large MRFs process more than 100 tons per day and 
are usually located in large cities. Due to the high automation process, the budget 
runs into millions of dollars. In a study by South Africa's Department of Environ- 
mental Affairs (2019), large MRFs can process between 1,200 and 1,500 tons of 
waste per month while small MRFs can process between 300 and 500 tons per 
month. Despite the varying sizes, MRFs have an important role within the waste 
value chain, primarily to improve waste separation and reduce waste streams before 
implementing additional management methods — see Fig. 4. 

Role-players and Decision-Makers: there are many role-players along the waste 
value chain and their level of involvement is based on different contexts. Traditional 
actors include municipalities, private sector (business and industry), the informal 
market, waste producers, and civil society. Effective or noneffective coordination 
determines the level of successful implementation. During the planning stages, 
different levels of planning and decision-making constituencies in municipalities 
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are involved. They need to be aligned to ensure sustainable waste management is 
implemented. According to Sango et al. (2014, p. 223) "stakeholders in solid waste 
management include, but are not limited to, solid waste managers, technical/utility 
managers, municipal managers, chief financial officers, mayors, councillors and the 
public at the local municipal level." Their lack of involvement can negatively or 
positively impact technical design due to incorrect data, poor policy, and regulation 
considerations and accurate budgeting for building material and equipment. This is 
seen in the growing body of literature encouraging informal waste pickers to be 
integrated into solid waste management strategies. 

Technical Design Considerations: Good knowledge and data on waste quantities 
and characteristics are imperative to an MRF's efficiency. However, 100.096 material 
recovery is not guaranteed due to the quality of materials and sorting efficiency as well 
as market conditions. Figure 5 presents a technical design for a proposed dirty MRF in 
South Africa. When waste arrives at the plant — either in waste bags or trucks — it is 
taken for preliminary treatment where waste volumes are reduced. Equipment such as 
bag splitters is used together with manual laborers to tear waste bags in preparation for 
sorting. At this stage, recyclables are sorted depending on the waste characterization 
(paper, plastic, glass, and metal). The quantities determine whether sorting will be 
entirely manual, semi-automated, or fully automated. Manual sorting is still important 
particularly for quality control purposes (Cioca et al. 2018; Department of Environ- 
mental Affairs 2019). The recyclables are then compacted and prepared for the market, 
for composting, and anaerobic digestion or residual is taken to the landfill. 

Financing and Economic Instruments: It is important to standardize what a big 
and small MRF design will look like. The design should consider waste generation 
quantities and offtake markets for recyclables, supply and demand principles. 
Although mechanical MRFs are considered more economic because they can pro- 
cess 3.0 tons per hour with approximately seven operators compared to manual 
MRFs that process 1.0 ton per hour with 12 operators (Cioca et al. 2018), labor 
intensive activities should be highly considered in the African context because of job 
creation opportunities. Financing models range from public-private partnership, to 
fully publicly owned and operated. The proposed model is a public-private partner- 
ship where risks are shared and efficiency is maximized (Department of Environ- 
mental Affairs 2019). Economic instruments such as subsidies and taxes are 
designed to change consumer behavior. In the case of waste, they aim to reduce 
waste generation or induce waste diversion from landfills and dumps to recovery and 
recycling activities. Furthermore, they can also be used as a source of revenue for 
municipalities and implement service delivery (Nahman and Godfrey 2010). 


Research Approach 


An exploratory case study research approach was used. This involved empirical 
investigation of current consideration of MRFs in urban, waste management, and 
climate adaptation plans and strategies in selected African countries. The explor- 
atory approach is intended to provide an understanding of what is available and set 
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Fig. 5 Material recycling facility process (Department of Environmental Affairs 2019) 


precedent for future investigation with participants and be more descriptive. 
Ethiopia, Ghana and South Africa were identified as targeted case studies based 
on three primary criteria: countries with the fastest growing cities in the respective 
regions, cities that committed to become zero carbon by 2050, and cities with some 
data on recycling, landfills, and open dumps — see Table 1. Selecting a case study 
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Table 1 Case study selection criteria of cities 


863 


With landfills and open 
Fastest growing Committed to be carbon free | dumps 
Angola (Luanda) Ethiopia (Addis Ababa)* Botswana 
Cameroon (Douala) Ghana (Accra)* Cameroon 


Cameroon (Yaonde) Ivory Coast (Abidjan) Dem.Rep of Congo 
Dem.Rep of Congo (Mbuyi- Kenya (Nairobi) Ethiopia* 
Mayi) 
Ghana (Kumasi)* Nigeria (Lagos) Gambia 
Madagascar (Antananarivo) Senegal (Dakar) Ghana* 
South Africa (Tshwane)* South Africa (Cape Town) Guinea Bissau 
Tanzania (Dar es Salaam) South Africa (Durban) Kenya 
Uganda (Kampala) South Africa Namibia 
(Johannesburg)* 
Zambia (Lusaka) South Africa (Tshwane) Nigeria 
Sierra Leone 
South Africa* 
Tanzania 
Uganda 
Zimbabwe 


KEY: * — countries with the fastest growing cities that are committed to being carbon free and have 
landfills/open dumps 


per region allows for a comparative exploration. Secondary and grey literature 
provided further support and rationale for selecting these three countries. Two 
challenges experienced with Francophone and Lusophone countries were firstly, 
limited availability of recent data and secondly, some available data is presented in 
French and Portuguese. 


Case Studies 


Based on the range of impediments identified in section “Literature Review,” the 
case studies explore whether the identified countries have urban, waste management, 
and climate change adaptation plans, strategies, and projects relating to MRFs. 
Discussions are themed according to factors used to determine suitable MRF design 
and adaptation planning, such as (1) Urbanization Dynamics, (2) Urban Waste 
Impediments, (3) Current and Proposed Strategies, (4) Role of Informal Waste 
Collectors, as well as (5) Nationally Determined Contributions (NDCs) focusing 
on waste management technologies. 


Urbanization Dynamics 


As in many African countries, rapid urbanization in Ethiopia, Ghana, and South 
Africa is a result of increasing economic activities particularly in large cities. Addis 
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Ababa is the capital city and seat of the Federal Republic of Ethiopia. It has a current 
population of 3.3 million (23.8% of all urban dwellers) and extends across 540 km? 
of land space. The administration is known as a City Government and it has 10 
subcities known as Kebele. In Western Africa, the City of Accra — which is part of 
the Greater Accra Metropolitan Assembly — is the capital city of Ghana and accounts 
for 20.0% (1.5 million) of the country’s total population (The World Bank 2017). 
More than 53.0% of Ghana’s total population currently reside in urban areas and this 
figure is projected to reach 65.0% by 2030. The Accra Metropolitan Assembly 
(AMA) is responsible for all local government activities within Greater Accra. 
Further down south, the City of Johannesburg (CoJ) is the largest city in South 
Africa. With a population of 5.6 million (66.4%) spanning across 11 regions and 
1,645 km? of land space. Like its counterparts, the City of Johannesburg Metropol- 
itan Municipality is responsible for service delivery. Provision of basic amenities and 
infrastructure has not kept up with the urbanization rates in all three cities, thus 
resulting in more urban tensions such as social unrest and sprawling which induce 
climate change impacts. 


Urban Waste Impediments 


Waste management and poor sanitation infrastructure are a few of the services 
that governments continue to grapple with especially in low income areas. In 
2013 Accra was generating 2,200 metric tons of waste per day and approxi- 
mately 1,500 to 1,800 tons was collected by private sector. Between 2017 and 
2018, generated quantities increased to 3,000 tons per day (Accra Metropolitan 
Assembly 2019). Waste collection and transportation alone cost the metropoli- 
tan GHC 450,000 (approximately US$77,000) per month and an additional GHC 
240,000 (approximately US$41,000) to maintain dumpsites, resulting in 58.0% 
of waste and sanitation budget being spent on collection and transportation 
(Accra Metropolitan Assembly 2019). One of the factors that made collection 
and transportation difficult was the city's spatial planning. Oteng-Ababio et al. 
(2013) stated that “Accra did not have the advantage of being a wholly planned 
city, since spatial planning was introduced after the town had developed on its 
own. Spatial planning is inconsistent at best, with semblances of colonial-era 
planning in (some) indigene areas such as Old Accra and Korle Gonno in Ga 
Mashie while migrant communities such as Nima, Sabon Zongo and Old 
Fadama continue to grow unplanned. Such unplanned settlements tend to be 
classified as 'poverty pockets' in the city, with a history of poor municipal 
investment in infrastructure services and under- and unemployment (particu- 
larly among the youth)" (p. 98), resulting in lasting impacts on sanitary service 
delivery. Tuani (2008) resonates with the authors by stating that the unplanned 
nature of the city increased waste management issues, in particular land acqui- 
sition for landfills/open dumps and waste disposal sites. Additional challenges 
include poor separation at source, limited recent data, and limited optimization 
of other disposal plants. 
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Similarly, in Addis Ababa, waste collection and disposal are poorly managed. 
Citizens generate 730,000 metric tons of waste per annum (between 2,200 and 3,000 
tons per day). Koshe landfill is the only landfill and biggest one in the city. It is 
located 13 km in the outskirts of Addis Ababa and the travel distances from other 
parts of the city make it inaccessible and costly. This results in poor collection and 
disposal in the nearest area. Just over 65.996 is collected by the metropolitan 
municipality and the remainder is disposed in unauthorized areas such as open fields, 
streets, ditches, and any available space within the city. Citizens do not have 
conviction in the metropolitan's ability to deliver waste management services, 
resulting in limited to no cooperation with waste related operations. Urban develop- 
ment and sprawling are occurring at a rate that government cannot service all 
households (Geda et al. 2011). Poor urban and road infrastructure make it difficult 
to collect data in highly dense settlements, further exacerbating effective implemen- 
tation. The same sentiments are shared by Johannesburg where residents generate 
1,492,000 tons of waste per annum and the four landfills cannot continue taking 
(City of Johannesburg Municipality 2011). Although other disposal measures such 
as recycling and composting are part of the city's management strategy, effective 
implementation is challenged by urbanization dynamics. In 2015, the Department of 
Environmental Affairs estimated that Johannesburg had between 5 and 8-years 
landfill airspace remaining (Department of Environmental Affairs 2018). Fast track 
to 2020, at least 5 years are up and pressure is increasing with population growth. 


Current and Proposed Strategies 


In Accra, AMA introduced two collection methods to help streamline collection and 
transportation: Communal Container Collection (CCC) and HtH (house-to-house). 
Households were required to pay a monthly collection fee, but those residing in low- 
income areas were daily and weekly wage-earners, they could not afford the service. 
Furthermore, areas where CCCs were located had bad road infrastructure. This 
presented locality and accessibility challenges. Since then there has been an increase 
in private sector participation, particularly waste collection. Affordability remains an 
impediment. Because waste was poorly collected, it was difficult for AMA to 
promote source separation. The ripple effect was poor planning and implementation 
of other disposal methods like composting, digestion, and recycling. Almost a 
decade later, waste management officials cite (1) community awareness, (2) effective 
collection systems, (3) limited disposal capacity, and (4) unplanned nature as 
ongoing challenges. Figure 6 discusses an investigation of Accra's urban planning, 
waste management and climate change plans and strategies to ascertain consider- 
ation for MRFs as an adaptation tool. 

In the far East, containers are placed in common places each Kebele, close to main 
roads where waste trucks can access. Pushcarts are used to collect waste from each 
household at a fee. Those who cannot afford the fees carry their own waste to the 
container. Services are provided by Kebele workers and street sweepers (Cheru 2016). 
In 2017, the Reppie Waste-to-Energy Facility was commissioned, producing 25 MW of 
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Plans and Strategies - Accra 

Accra Spatial Development Framework (2017) recognizes the various challenges pi ted by poor wast ction and disposal 
propelled by insufficient infrastructure and urbanization. It proposes that AMA ‘ex es job creation and economic opportunities 
associated with engineering ce delivery, for example decentralize waste collection to locals / individuals. Furthermore, preparation 
and implementation of sanitation action plans for all leading urban cent including related statutory regulations and by-laws ensuring 
effective collection, disposal and treatment of solid, liquid and toxic waste. The ASDF also proposes New Solid Waste Management 
Schemes and Environmental and Land-Use Policies but is not explicit about disposal methods, location determination or MRFs. Although 
it states that district level climate change mitigation and adaption strategies must be developed in order to plan for and implement 
requirements for climate change, additional details are not provided. Hov r, detailed consideration is given in the Ghana National 


Climate Policy (2013). The policy recognizes the opportunities presented by beneficiating waste, problems with land acquisition for waste 


disposal as well as the need to increase recycling activiti means to reduce carbon emissions. It is reported that in April 2020, AMA 


entered into a public-private partnership (PPP) for Was ansfer Site and Material Recovery Facility (MRF). Zoomlion currently operates 
a 200-tonne recycling plant in Accra. No reference of MRFs in Integrated Urban Environmental Sanitation Master Plan (IUESMP), 
Metropolitan Land Use and Transport Plan for Greater Accra Region, Emergency Solid Waste Management Improvement Programme13 


(E-SWMIP), the Accra Climate Strategy and Integrated Urban Environmental Sanitation Strategy and Master Plan. 


Fig. 6 Investigation and discussion of MRF consideration in Accra. (Source: Author's own 
compilation) 


electricity. The facility is located next to Koshe Landfill site and waste has since been 
diverted for incineration instead, thus reducing emissions. There are traces of recycling 
activities but on a small scale at disposal sites (Geda et al. 2011). Private sector, 
community-based organizations, informal waste pickers, and international donor agen- 
cies are the main participants promoting some levels of at source separation and income 
generating activities. IGNIS was a joint project between Ethiopian and German 
partners. The project started in 2014, with the aim of implementing income generation 
and climate protection by valorizing municipal solid waste in a sustainable way in 
emerging mega cities. Strategies included creating individual waste recycling projects 
that could create employment and income opportunities while reducing GHG emis- 
sions. The project lasted until 2018 and provided valuable data to waste management 
agencies, namely composting (Gerji and Ataklet Tera Composting pilots) and biogas 
(Sidest Kilo and Menelik II preparatory School pilot) (Cheru 2016). Figure 7 also 
investigates Addis Ababa's urban planning, waste management, and climate change 
plans and strategies to ascertain consideration for MRFs for adaptation. 

Johannesburg has better waste management infrastructure and initiatives. Pikitup is 
CoJ's waste management agency responsible for collection and disposal across 11 
regions. As with many cities on the continent, increasing urbanization trends are 
causing stain on quality service delivery. CoJ has numerous private-public-partnerships 
throughout the waste value-chain to reduce the high costs of collection and disposal 
incurred. Most PPPs fall within waste collection and disposal. Formal urban areas have 
scheduled collection dates and residents have municipal bins. Some informal areas do 
have some sort of waste service and others do not. This results in pockets of illegal 
dumping. There are four landfill sites in different ends of Johannesburg and all four 
have reached their airspace capacity. Although CoJ has championed waste diversion 
activities such as recycling, composting, and pilot projects for small scale biogas 
projects, there is a need to increase these activities. The recycling sector is relatively 
well established compared to Accra and Addis Ababa. Associations such as South 
African Plastics Recycling Organization, National Recycling Forum, and the Institute 
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Fig.7 Investigation and discussion of MRF consideration in Addis Ababa. (Source: Author's own 
compilation) 


Plans and Strategies — Johannesburg 

Various national policies require municipalities to develop Integrated Waste Management Plans (IWMPs) and Integrated Development 
Plans (IDPs) every five years. The IWMP recognizes that development planning in the City must also consider waste service provision 
and therefore early engagement and communication between planners and those involved in waste management is needed. Composting 
facilities, MRFs and buy back centers are noted as action plans for waste diversion. Similarly, the IDP 2018/19 acknowledges the need to 
improve waste management infrastructure supportive of waste minimization and recycling as well as climate change. CoJ has 
Environmental Sustainability Strategy and Action Plan (2019) encourages spatial transformation in cities. This includes applying existing 


and develop municipal planning instruments to integrate and secure ecological infrastructure into the urban fabric. 


Tedcor piloted a materials recovery facility (MRF) in Wadeville, near Germiston in Gauteng, in partnership with local buy-back centers. 


Droplets for Life — a private waste management company - have their own MRF situated in Wadeville, Gauteng. They receive waste 
through this facility from clients and from their our own waste. The facility processes approximately between 25 to 30 tons of recycling 
per month and employed 12 people currently from the disadvantage background. Training and up-skilling were provided to them according 
to their job specification. In 2014 CoJ commissioned a dirty MRF pilot at the Robinson Deep landfill in Turffontein, Johannesburg, 
Gauteng under the ‘Separation at Source Programme’. The facility was processing 4,970 tons per annum of recyclable materials in 2014. 


MRFs do not tend to go beyond pilot stage due to low r: lable rec Simelane, 2016) 


Fig.8 Investigation and discussion of MRF consideration in Johannesburg. (Source: Authors own 
compilation) 


of Waste Management of Southern Africa collaborate with private sector, civil society, 
and academia to promote greater adoption. As with this Figs. 6, 7, and 8 discusses MRF 
consideration as an adaptation tool for Johannesburg. 


Role of Informal Waste Collectors 


Informal waste collectors play an integral role along the waste value chain. Through 
their activities, waste collectors assist municipalities to collect, separate, and recycle 
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waste material because they do not have sufficient financial and nonfinancial capac- 
ity to provide efficient waste management alone. They operate in similar approaches 
despite not being recognized or integrated in municipalities’ strategies and plans. 
Due to socio-economic factors, waste collectors continue to operate alongside the 
municipalities, collecting waste from household to household, designated communal 
containers and institutions. 

In Accra, informal waste collectors continue alongside AMA but are not officially 
recognized. Known as Kaya Bola, they typically port waste from households or 
markets for a fee, separate the various material, and sell the recyclables for an 
income. Not being legitimized by local government induces ill-treatment and hostile 
social environment that keep them operating in an unorganized/informal manner 
(Oteng-Ababio et al. 2013). Presently, Kaya Bola collect and sort 25.0% of total 
waste generated for income but dispose worthless material in open drains and 
streams. The only sanitary landfill known as Knope has reached its capacity, leaving 
a few operational dumpsites scattered across the region, namely, Oblogo and Sarbah 
(Tuani 2008; Baah and Kharlamova 2018). It is located 37.0 km outside Accra which 
makes collection and transportation fees very high (The World Bank 2017). The 
distance and nature of road infrastructure from waste producers to Knope or other 
dumpsites is too far for informal waste pickers, more so for the small transport 
modes they use, for example, motorkings (Accra Metropolitan Assembly 2019). 

Presently, informal waste collectors are not recognized as part of Addis Ababa’s 
integrated waste management system. They are seen more as a potential enemy rather 
than partner (Cheru 2016). Waste pickers collect and sort for valuable recyclables and 
take them to sell at the Merkato Market place, the biggest market in Ethiopia. Various 
buyers are located there, ranging from independent buyers to factories. In Johannes- 
burg, the lack of landfill space is increasing pressure on the municipality to integrate 
informal waste collectors along the waste value chain. The Wastepickers Empower- 
ment Programme was launched in 2011 with the aim of creating a database of waste 
collectors in the metropolitan, skills training, assistance to establish cooperatives, 
provide protective clothing, and assist with fund raising. A pilot program was launched 
in 2014 and more than 500 waste collectors were registered and benefited from various 
skills training and personal protective equipment whiled 55 cooperatives participated in 
separation at source (Baker et al. 2016). The program can be scaled to other regions in 
Johannesburg but some lessons from the pilot would need to be considered: 


* Consultation with different municipal stakeholders and recycling associations 
— Identifying suitable sites for sorting and storage 
— Establishment of guidelines for waste collectors 

* Identification of waste collectors 

* Sourcing external funding for training and equipment 


There are opportunities to still officially integrate informal waste collectors in the 
city's strategies and plans. Associations such as the African Reclaimers Organization 
represent collectors’ views in this regard. The Department of Environmental Affairs 
estimates that there are over 62,000 waste collectors in the country, with 40.6% 
operating as trolley-pushers (Mathye 2019). 
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Overall, various proposals and plans drafted by international organizations such 
as The World Bank and the African Development Bank stress the need to integrate 
informal waste pickers into waste management and increase waste transfer stations 
as strategies for climate adaptation. Their involvement in the waste value chain 
would boost collection rates and income. 


Nationally Determined Contributions 


The Paris Agreement requires every country to produce Nationally Determined 
Contributions (NCD). These are climate change policies detailing each country's 
plans towards adaptation and mitigation. Ethiopia, Ghana, and South Africa devel- 
oped their NCDs. Ethiopia's plan recognizes carbon dioxide (CO2), methane (CH4), 
and nitrous oxide (N20) as priority gases that need to be mitigated by 2030. Key 
sectors producing these gases are agriculture, forestry, transport, industry, as well as 
waste and cities. In its medium to long term actions, drought relief is an action point 
where the government will *ensure the uninterrupted availability of water services in 
urban areas to make them comfortably and productively habitable irrespective of 
droughts through planning and construction of dams or deep wells, deployment of 
water saving technologies, and wastewater treatment infrastructure." South Africa's 
NCDs target agriculture, land use, and waste as targeted sectors for GHG reductions. 
However, energy is the primary focus. 

Lastly, Ghana's adaptation and mitigation commitments strongly feature solid 
waste management in urban areas while ensuring positive socio-economic deriva- 
tives. The country committed to adopting alternative urban solid waste management 
by 2030. As an adaptation policy action, Ghana committed to building standards for 
urban waste management through city-wide infrastructure planning. Three mitiga- 
tion action points include: 


* Improve effectiveness of urban solid collection from 70.096 to 90.096 by 2030 
and dispose all to an engineered landfill for phase-out methane recovery from 
40.0% in 2025 to 65.0% by 2030. 

* Scale up 200 institutional biogas in senior high schools and prisons nationwide. 

* Double the current waste to compost installed capacity of 180,000 ton/annum by 
2030. 


There is an opportunity for MRFs to feature as adaptation or mitigation actions 
depending on each country's resources, more so for Ethiopia and South Africa. 


Proposed Recommendations and Conclusion 


It is evident from current strategies and plans in all three cities that there are 
opportunities for improved MRF adoption as well as consideration. Urban planners 
are responsible for designing and developing land, specializing in spatial and land 
use planning traditionally. Their involvement was seen in activities, decisions, 
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strategies, and plans for infrastructure development and service provision which are 
prepared at local government, as seen in Accra’s Spatial Development Framework, 
City of Johannesburg’s Integrated Waste Management, and Addis Ababa’s Urban 
Renewal Initiative. As part of the planning process, waste management and/or 
climate change officials could be included in the process. This was evident in the 
case of Kenya. 

It was also evident that there is a need for the planning process to evolve with the 
profession and embrace the global push for sustainability and climate change by 
being more cognizant about waste management and climate change. A central point 
where all three disciplines converge is land: access to suitable land for disposal, 
proximity of land to citizens, and possibilities of land inducing negative or positive 
climate change impacts. In addition, knowledge and implementation of MRFs is 
generally unknown, with the exception of South Africa, where the Department of 
Environmental Affairs have taken interest. Climate change adaptation already 


Table 2 MRFs as a climate adaptation strategy 


Challenge 


Local governments spend at 
least 5096 of total waste 
budget on waste collection 
and disposal 


Waste generation and 
quantities are exacerbated by 
urbanization and population 
growth, straining local 
governments’ ability to 
provide services 


Informal waste pickers are not 
recognized by local 
governments despite positive 
impact in the waste sector 


Recommendation 


Consider exploring small- 
scale decentralized MRFs to 
address waste collection, 
transportation, logistics as 
well as improve data 
collection and beneficiation 
opportunities — climate 
adaptation strategy 


Using plans and strategies, 
planners identify land closer 
to waste producers and socio- 
economic activities driving 
waste generation 


Decentralize MRFs on a 
smaller scale to improve 
access. Closer to informal 
communities, shorter distance 
to travel and potentially more 
material recovery 
Decentralized small MRFs 
can assist to streamline waste 
pickers involvement 

Create associations or 
cooperatives for informal 
waste pickers 


Adaptation strategy 


Include more waste 
management and climate 
change matters in urban plans 
Integrate informal waste 
pickers in city waste 
management plans to create 
job in the informal sector 


Use Green Technology such 
as GIS and IT to map 
generation hot spots, 
determine material flows and 
data 

Design MRFs guided by 
technical and social dynamics 
around identified site 


Provide training and 
technologies to women and 
people in informal 
communities to enable 
recycling of waste into other 
marketable products (e.g., 
paper briquettes, etc.) 
Develop zones in cities, 
suburbs and settlements to 
streamline the collection of 
waste by informal waste 
pickers 
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In Africa, where most countries are classified as low- 
and lower-middle income, there are many parameters 
to consider when selecting AWT technologies, 
including: 

* sensitivity to the quantity and quality of waste; 

* capital investment costs 

* operation and maintenance (O&M) costs 

* cost recovery potential 


strategy (high level of waste collection, improvement 
of recycling and/or reuse, high material and energy 
recovery, social inclusion and income generation 
for the poorest people). 

The choice of the appropriate technology should 
consider the following: 


- The technology should be proven based on 
effective operating experience in African/low- 


income country contexts. 


- The technology should be economically viable 
in the context of low-income countries. 


* efficiency of the technology 

* end-product utility 

* environmental impacts of operation 

* land, energy and water requirements 

* availability of local competences to properly 


- Technical issues related to the implementation 
of the technology should be easy to fix: the 
presence of qualified human resources for 


ge messem management and maintenance must be 
* inclusion of both formal and informal actors in the considered. 
t 
peal - Low cost technologies are preferred as waste 
Guidance note: Lessons learned treatment solutions. 
* An appropriate technology should not be con- - The technology should be an opportunity for 


sidered in isolation; it must be placed within an 
integrated waste management strategy. 

* Both formal and informal actors must be considered 
to insure the efficiency of the waste management 


social innovation (job creation, social inclusion, 
income generation). 


Fig. 9 Measures to determine appropriate waste technologies (UNEP 2018) 


involves plans and strategies, thus once again there is an opportunity to improve 
adoption and implementation of MRFs as a land-use and adaptation strategy, and 
urban planners can aid to drive that inclusion. Table 2 below suggests how including 
MRFs can be considered as a climate change adaptation measure for the three cities 
and beyond: 

For MRF Facility Design: it 1s important to determine and measure the appro- 
priateness of waste technologies for the continent because of varying drivers, 
pressures, and parameters (Fig. 9). 

Although Africa contributes 4.0% of the worlds’ GHG emissions, with these 
proposed adaptation strategies, many cities can reduce future emissions and leapfrog 
into full sustainability despite the current urban and waste related challenges. 
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Nigeria are likely to be large, motivating the need for additional knowledge to 
assess current practices and formulate appropriate modifications for both mitiga- 
tion and adaptation. Some current farming practices are believed to be adaptive, 
but further study would provide better assessments. We also analyzed the trade- 
offs between household income and GHG emissions at two contrasting sites in 
northern Nigeria. A farm optimization model maximizing the value of crop, 
livestock, and tree production activities in a single representative year assessed 
the potential impacts for GHG reductions of 10% and 25% and the maximum 
allowable reductions of 26% and 30% on farm activities and income. Emissions 
reductions of 10% reduced annual household incomes by less than 5% but 
required substantive changes, especially in livestock owned. Maximum possible 
GHG emissions reductions (while still meeting minimum household consump- 
tion needs) would require marked changes in production pattern and would lower 
household incomes by 22-44%. We did not assess effects over longer periods, 
where the role of livestock as a key asset may imply additional negative impacts. 
Productivity-enhancing technologies that would simultaneously reduce GHG 
emissions and increase incomes are needed for smallholder farms to play a larger 
role in climate change mitigation without the burden of reduced incomes and 
greater risk. This suggests the need for programmatic and policy actions both by 
national agricultural research systems and the Consultative Group for Interna- 
tional Agricultural Research (CGIAR). 


Keywords 


Climate change - Agriculture - Nigeria 


Introduction 


Agriculture is the major employer of labor in Nigeria (Hansen et al. 2017) for over 
70% of the estimated 200 million inhabitants (United Nations Department of 
Economic and Social Affairs: Population Division 2020). Almost 80% of over 70 
million hectares of Nigerian land areas are under rainfed agricultural production that 
translates to about 40% of national Gross Domestic Product (GDP) (World Bank 
2020). Agriculture is also a major contributor to greenhouse gas (GHG) emissions, 
as described below. 


Overview of Greenhouse Gas Emissions from Agriculture in 
Nigeria 


Agriculture was the largest of the four major sectors that contributed to Nigeria’s 
GHG emissions in 2015. Agriculture, Forestry, and Other Land Use (AFOLU) 
accounted for two-thirds of total net national emissions of Teratonnes (Tt) CO; 
equivalent (CO5-eq). The AFOLU sector includes emissions from land use, 
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livestock, and removals from harvested wood products. Land use accounted for an 
estimated 421 Tt CO;-eq, or about 90% of emissions from AFOLU. One principal 
source of land-use emissions is methane (CH4) and nitrous oxide (N20) from 
burning of rice, maize, sugarcane, and wheat residue biomass. Other sources include 
direct and indirect emissions of N5O from nitrogen-based synthetic fertilizers used in 
managed soils, indirect emissions of NO from manure management, and direct CH4 
emissions from rice cultivation. For livestock, enteric fermentation and manure 
management for cattle, sheep, and goats contributed 29 Tt CO2-eq, with the 
remaining amounts from camels, mules, swine, and horses. Enteric fermentation 
was 90% of total livestock-related emissions, with the remainder from paddock, 
range, and pasture and solid storage systems of manure management. NO and 
methane CH, were the most important GHG from manure management. 

Total GHG emissions continue to increase. In 2019, the United States Aid for 
International Development (USAID) reported a 25% increase of 98 Mt. CO,-eq in 
the country's overall GHG emissions from 1990 to 2014. The average annual change 
in total emissions was 1% and was mainly from the land-use change and forestry 
(LUCF) sector. Similarly, a trend assessment from the period 2000 to 2015 showed 
that AFOLU remained the highest emitter of GHG throughout the years under 
review (Federal Republic of Nigeria 2018). Emission from land-use category, forest 
land remaining forest land remained the principal source, and it increased by 2596 
during the period, whereas removals through HWPs declined by 28%. There was an 
estimated 37% increase in emissions from rice cultivation, livestock production, 
manure management, and nitrogen-based synthetic fertilizers in managed soils over 
the entire period. The increase was attributed to the increase in livestock populations 
and more utilization of nitrogen-based synthetic fertilizers in managed soils as well 
as forest biomass loss. Thus, Nigeria's emissions are projected to grow to around 900 
million tons per year in 2030, which translates to around 3.4 tons per person (Change 
Climate Response Policy 2015). 


Impacts of Climate Change on Agriculture in Nigeria 


Changes in climate, in particular, the frequency or severity of extreme events, are 
likely to have serious implications for rainfed agricultural production. Given the 
diversified socioeconomic conditions of agriculture in Nigeria, climate change could 
affect crop yields, disease patterns, and compound ecological disasters that include 
quelea bird's invasion, floods, and drought (Ajetomobi et al. 2015). However, the 
impacts are likely to vary by region. A vulnerability analysis conducted in 2014 by 
Nigerian's Federal Ministry of Environment indicated that states in the north expe- 
rience higher degrees of vulnerability to climate change than those in the south 
(Haider 2019). 

Many crops are sensitive to the modest changes in rainfall and temperature 
(Haider 2019). For example, the annual mean temperature needed for photosynthesis 
and growth is about 29 °C for maize and soybean. Currently, mean annual temper- 
atures ranges from 30 °C to 34 °C. A mean annual temperature of 33 °C is desirable 
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for cotton, and temperature above this threshold can be harmful to plant development 
(Ajetomobi et al. 2015). The combination of increasing temperature and lower 
rainfall has hastened desert encroachment, with loss of the wetlands, and rapid 
reductions in the amount of surface water, flora, and fauna resources on land. 
Kebbi and Jigawa states observed 5—10% reductions in millet yields due to Quelea 
bird invasion, in addition to drought in Katsina, whereas Sokoto, Zamfara, Kaduna, 
and Kano states reported between 10% and 25% loss in groundnut yield from heavy 
floods (National Agricultural Extension and Research Liaison Services (NAERLS) 
& Planning Research and Statistic Department (PRSD), 2012). Rainfall intensity and 
distribution have been altered from the usual 500—1000 mm per year. Flooding in 
2012 resulted in 363 deaths, massive economic loss, and the displacement of more 
than 3.8 million people. The total value of destroyed physical and durable assets was 
reported to be 1.48 trillion (US$9.5 billion) or about 2% of the rebased GDP of 
US$510 billion (Change Climate Response Policy 2015). 

Under the business-as-usual scenario of the Change Climate Response Policy 
(2015), Nigerian agricultural productivity could decline by up to 50% by 2080, with 
reductions in GDP as large as 4.5% even by 2050. Consequently, in the absence of 
mitigating measures, there would be steady depletion of vegetation and grazing 
resources in affected regions. This could also prompt massive emigration and 
resettlement of people to areas less threatened by desertification. Subsequently, 
exacerbating communal clashes among herdsmen and farmers and inter-ethnic 
clashes (Haider 2019). 


Adaptation and Mitigation Strategies for Nigerian Agriculture 


Climate change mitigation is the improvement of agricultural production practices to 
reduce GHG emission, while adaptation involves the uptake of agricultural practices 
to be more suitable for a modified climate in a particular location (IPCC 2007). 
Nigeria is now implementing the reduction of emissions due to deforestation and 
forest degradation (REDD) (USAID 2019), through the national community-based 
forest resources management program. Other mitigations and adaptation strategies 
include the adoption of climate-adapted crops (e.g., drought-tolerant and early 
maturing varieties of crops) and in the livestock sector, improved feed, pasture, 
ranch, and paddock management systems (Change Climate Response Policy 2015). 
Programs are also being implemented to reduce the volume of irrigation water, while 
making more effective use of rainwater and groundwater. Other efforts are directed 
at providing early-warning seasonal climate forecasts to facilitate adaptation in a 
given growing season. 

However, such adaptation and mitigation strategies are location- and context- 
specific and are described as autonomous or opportunist adaptation (Haider 2019). 
Planned adaptation strategies require additional knowledge about appropriate levels 
of inputs, tillage practices, and assessment of the future environmental conditions 
(e.g., rainfall, temperature, and relative humidity). Research to assess and implement 
actions for both adaptation and mitigation. Simulation modeling can support 
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assessment of adaptation strategies, particularly when experimental data are limiting 
and future environmental conditions uncertain (Nicholson et al. 2011; Kopainsky 
and Nicholson 2015). Consistent with the ongoing need for site-specific quantitative 
studies, the remainder of this chapter describes the use of modeling to assess the 
impacts of potential mitigation strategies on smallholder farming systems in the 
Northwestern area of Nigeria (Ayinde 2019). 


Farm-Level Impacts of GHG Emissions Mitigation Strategies in 
Sudano-Sahelian and Sudan Savanna Ecological Zones in 
Northwestern Nigeria 


An important question concerns the trade-offs among agricultural production, house- 
hold incomes, and environmental impacts. To date, there are few studies that 
examine what actions would be required to reduce GHG emissions from smallholder 
agriculture production systems, and to understand the implications for household 
well-being. Northwestern Nigeria provides a conducive context for quantitative 
assessment of farm-level GHG mitigation strategies because it is a highly degraded 
region with higher degrees of vulnerability to climate change (Haider 2019). Within 
this region, differences in agro-ecology and production systems necessitate separate 
assessment of GHG-reduction strategies. Ayinde (2019) thus explored the produc- 
tion practices at two sites, the Bunkure (Sudan Savanna ecology) and Maigateri 
(Sudano-Sahelian ecology) local government areas (LGAs) located in Kano and 
Jigawa States, respectively (Fig. 1). The objective of the analysis was to describe 
predominant farming systems and discuss the extent to which they are consistent 
with either adaptation or mitigation strategies, and to evaluate quantitatively the 
impacts on agricultural production and potential trade-offs between household 
revenue and GHG emissions. 

Kano and Jigwa differ in multiple respects, which facilitates a comparative 
analysis of mitigation strategies at the farm level. Kano is the most-extensively 
irrigated state in the country for the cultivation of rice, sugarcane, and vegetables, 
which are important emitters of GHG (IPCC 2013; Dunkelberg et al. 2014). Jigawa 
is characterized by shorter rainfall duration that does not support irrigated farming 
but sustains hardier shrubs and trees. In the LGAs of both states, however, mixed 
farming of grain and legume crops, trees, and livestock keeping are practiced. 

Ayinde (2019) used participatory rural appraisal (PRA) and key informant inter- 
views to characterize existing production systems at both study sites. Data were 
collected on the economic and environmental performance of the predominant 
production systems, land preparation, retaining of trees on crop field, use of trees 
branches and stem for firewood, use of crop residue as mulch, modified planting 
dates, use of early maturing crop variety, and agrosilvopastoral system. Emphasis 
were on trees that could serve multiple purposes of dry season feed, enriching soil 
Nitrogen, increasing protein and energy content in fodder while mitigating GHG 
emissions. This information was necessary to assess whether the production prac- 
tices employed aligned with either a mitigation or adaptation strategy. The key 
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|__| Jigawa and Kano State 


a Study Area 


Fig. 1 Locations of the study sites Maigateri in Jigawa State and Bunkure in Kano State 


informant interviews provided data of estimates of household-level expenditures on 
tree, crop, and livestock activities (See the assumed structure of inputs and outputs in 
the tree-crop-livestock production optimization model Appendix Table A1), the cost 
of animal draught, and the cost of manure applied. The description of the key specific 
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inputs used in the current production practices were necessary to estimate the GHGs 
emissions (CH4, N20, CO», and non-CO;) in Appendix Tables A2.1 and A2.2. 

The emission factors (EF) used to estimate GHG emissions to specific farm 
activities were obtained from IPCC Tier 1 default equations as well as methods 
from Standard Assessment of Mitigation Potentials and Livelihoods in Smallholder 
System (SAMPLES; www.samples.ccafs.cgiar.org) that corresponds to the predom- 
inant production systems in the study region. Data on dry matter (DM), metaboliz- 
able energy (ME), and crude protein (CP) that corresponded to the tree and crop 
yield levels were obtained from secondary sources such as feed composition tables 
or journal articles and grey literature including Feedipedia; FAO source: (http:// 
www.fao.org/ag/againfo/themes/documents/PUB6/P620.htm); and (Dupriez and De 
Leener 1998). 

To assess the potential impacts on agricultural production patterns and full 
household income scenarios evaluated a baseline (current practices and emission 
levels) and required GHG reductions of 1096, 2596, and the maximum reductions 
consistent with meeting assumed household consumption needs (2696 and 3096 
reductions compared to the baseline). See the detailed description ofthe optimization 
model used to assess trade-offs between household welfare (income) and farm-level 
GHG emissions in Appendix 1. 


Current Production Practices as Adaptation or Mitigation Strategies 


A key finding was that farmers were aware of the multiple uses and economic value 
of trees for wood, food, fuel, fodder, soil protection, and soil reclamation (Table 1), 


Table 1 Tree and crop (cereal and legume) production practices reported by households in 
Bunkure and Maigateri 


Bunkure Maigateri 

N=50 N=55 
Crop type and production practice Frequency Percentage Frequency Percentage 
Trees 
Retained trees on crop field 50 100 55 100 
Firewood 19 38 11 20 
Cereal 
Predominant cereal grown 26 52 29 53 
Use of improved sorghum varieties 11 22 16 29 
Construction 13 26 14 25 
Fuel 11 22 11 20 
Legume 
Predominant legume grown 30 60 29 53 
Sell 45 90 42 76 
Fodder to own livestock 4 8 10 18 


Soil amendment 1 2 3 6 
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similar to previous studies (Change Climate Response Policy 2015; UN-REDD 
Programme 2015). Consequently, not all trees were lopped on crop fields. For 
instance, 30% and 44% of farmers in Bunkure and Maigateri LGAs, respectively, 
predominantly allowed their Neem (Azadirachta indica) trees to remain on the crop 
fields validating the finding of (Bayala et al. 2011). About 36% (Bunkure) and 42% 
(Maigateri) of farmers sowed some selected trees that are used mainly as live fences 
around their farms with 38% of its biomass mostly used as fuel in Bunkure LGA and 
31% as manure in Maigateri LGA. 

Furthermore, of all the trees allowed to remain on the farm, none met the criteria 
for the study (i.e., dry season feed, enriching soil nitrogen, increasing protein and 
energy content in fodder while mitigating GHG emissions like Locust-beans (Parkia 
biglobosa), Camel’s foot/Kalgo (Piliostigma reticulatum) and are distinctively the 
most popular leguminous tree owned by 10% in Bunkure LGA and 24% of farmers 
in Maigateri LGA. Personal conversation with staff members of the outstation office 
of Forestry Research Institute of Nigeria (FRIN), in Samaru (Zaria, Kaduna State) 
revealed that Locust-beans/Dorowa (Parkia biglobosa), Kalgo (Piliostigma 
reticulatum), and Gawo (Acacia albida) trees were generally not planted because 
their seedlings or seeds were undomesticated thus, virtually unavailable. It is further 
compounded by the long period of growth (Bayala et al. 2014). However, efforts of 
FRIN were said to be underway to ensure the availability of Locust-beans (Parkia 
biglobosa) seeds or seedlings for propagation with growth period under 7 years as 
against the natural one of between 12 to 15 years. 

Sorghum was the predominant cereal grown by over 50% of farmers in the two 
study locations. Most farmers in both LGAs (50% and 53%), reported that their 
sorghum residues comprised an adaptation plan for dry season supplementary feed/ 
feed reserve for their ruminant livestock. About 6096 of farmers in Bunkure LGA 
cultivated Soybean while, 53% in Maigateri LGA cultivated groundnut as their 
predominant legumes. Despite the numerous benefits of soybean and groundnut 
residue biomass for nitrogen fixation and GHG mitigation when used for soil 
amendments as an adaptation strategy, majority of farmers in Bunkure and Maigateri 
LGA sold their crop residue biomass. The implication of these practices are conse- 
quential as it may lead to more emissions of CH4, CO;, and N20, which may result in 
accelerated nutrient depletion from burning of bushes and crop residues, leaching, 
and acid rains (NH; of volatilization) from the application of inorganic fertilizer 
(IPCC 2013). Once there is accelerated nutrient depletion, there may be gross 
production declines. 

Farmers in the study zones claimed that unplanned consumption by free ranging 
livestock reduced the incentives for use of crop residues soil amendments. There- 
fore, except by-laws and community conventions are in place to restrict free grazing, 
the use of biomass for soil amendment faces constraints for the poorly sourced 
farmers of Bunkure and Maigateri LGAs, who would rather sell their crop residue 
than have them consumed by free-ranging livestock. 

Adaptation strategies such as change in sowing dates and use of early maturing 
varieties were adopted by most farmers in the regions. However, such practices in 
addition to mulching are merely coping/autonomous or opportunist strategies by 
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Table 2 Livestock production reported by households in Bunkure and Maigateri 


Bunkure Maigateri 

N=50 N=55 
Livestock characteristic Frequency | Percentage | Frequency | Percentage 
Livestock 
Predominant breed of sheep 25 50 30 55 
Predominant breed of goat 32 64 40 T3 
Seasonal tethering/cut and carry 19 38 15 37 
Intensive/peri-urban ruminant 1 2 1 2 
husbandry 


farmers as described by Haider (Haider 2019). More is required of these practices in 
terms of investment in infrastructure, subsidies, research, innovation, and tax 
regimes to attain planned adaptation strategies. 

Livestock production is a major activity among smallholder farmers in Bunkure 
and Maigateri, LGAs. During the focus group discussions, farmers reported that 
most crops were sold immediately after harvest. Revenues from crop sales were used 
to purchase animals, particularly ruminant livestock. The Red Bororo (100%) is the 
major breed of cow in Maigateri LGA, whereas Sokoto Gudali is reared by 60% of 
farmers in Bunkure LGA (Table 2). A cow, 5 sheep, and 6 goats are the average herd 
size of cattle, sheep (Uda), and goats (Red Sokoto or Maradi Breed) owned per 
household in Bunkure. Households in Maigateri owned an average of 2 cows, 12 
sheep, and 14 goats. Livestock is fattened for up to 7 months and then sold. Part of 
the revenues generated from livestock sales is used to acquire farm inputs for another 
planting season. 

Farmers in Bunkure and Maigateri LGAs believe a successful adaptation strategy 
is “compound dairy” (a traditional system of milking in which animals are confined 
to the compound rather than allowed to graze). The cows supply the family with fluid 
milk for consumption and any excess above household needs is sold or processed 
into other dairy products. In this system, dairy animals were either tethered and fed 
on traditional cut and carry using cereal/legume crop residue or allowed to graze 
freely around the compounds in the day and confined in the night in the wet season. 
It was the most widely practiced adaptation mechanism among all households as 
confirmed by 98% of households. 

A key issue with the compound dairy is whether it is possible to achieve higher 
productivity per animal from increased grain cultivation, without increasing GHG 
emissions. The use of concentrates or cultivation of pastures for supplementary 
feeding of indigenous Zebu and Ndama breeds of cattle is uneconomical and of 
doubtful feasibility (Ayantunde et al. 2007). Because, there is no strong evidence of 
economies of scale, due to under-utilized family labor and the ability of ruminants to 
exploit low-value roughage, including that gathered or grazed from public lands 
(Mcdermott et al. 2010). Moreover, higher-productivity breeds cannot generally 
replace indigenous Zebu and Ndama breeds of cattle, as these breeds are not suitable 
for North-western Nigeria (Ayantunde et al. 2011). Although studies confirm 
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improved feeding and manual management system as mitigation strategies that 
reduce total emissions of CO2, CH4, and N5O in the livestock sector, the extent to 
which this is possible requires further study to determine appropriate strategies for 
location-specific reductions. 


Farm-Level Trade-Offs Between Income and GHG Emissions 


GHG reductions of up to 26% were possible with assumed minimum levels of 
household consumption in Bunkure LGA (Table 3), but reduction would require 
reductions in farm-level revenue of more than 20%. Reductions were achieved 
essentially from reductions in the sales of sheep meat, locust bean pod, branch, 
and trunk in addition to a reduction in the sales of sheep manure (Appendix Table 
A3). Maximum possible decreases in GHG emissions require reduction of live- 
stock to minimum assumed household consumption levels and a reduction in 
profitable locust bean production through reduction in land area by 29%. Simi- 
larly, quantities of purchased input used for locust bean production, reduced 
significantly for urea, seeds, and agricultural pesticides. Below 26%, the model 
could not attain feasible adaptation strategies because it could not meet household 
requirements as assumed. 

In Maigateri LGA, GHG reductions of up to 30.5% could be attained with 
minimum levels of household consumption. However, such reductions in GHG 
emissions would require reductions in farm-level revenue of about 44%. Reductions 
in GHG emissions were accomplished primarily decreases in groundnut, cow, and 
sheep production and from up 100% reduction in the sales in the livestock compo- 
nent as well as 55.7% reduction in sales of groundnut grain in the crop component. 
Maximum GHG emissions reduction implied decreases in groundnut production, in 
addition to the reduction of livestock to minimum assumed household consumption 
levels. 

By implication, the assessment of trade-offs that indicate potential pathways for 
increased agricultural productivity with fewer negative environmental effects, are 
usually location- and context-specific, thus difficult to generalize, categorize, and 
describe in contrasting socio-ecological contexts (e.g., Thornton et al. 2018). Yet, it 
could be futile to identify win-win production without a framework to generalize 
them into policy recommendations and developmental actions. The major contribu- 
tion of this chapter is the establishment of a generic conceptual framework that can 
be used across farms of different agro-ecological zone. Particularly for comparative 
assessment and prioritization of policy options, that could be scaled up from local/ 
community or farm level to regional or country levels. 

However, better understanding of trade-offs is needed to attain win—win scenario 
(Steenwerth et al. 2014; Klapwijk et al. 2014; Kanter et al. 2016). More accurate 
indices and numbers could be achieved with the use of system dynamic model 
analyses (Sterman 1989; Kopainsky and Nicholson 2015), and could be considered 
as suggestion for further studies. 
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Conclusions 


This chapter has documented the importance of agriculture and land use in the 
generation of GHG emissions in Nigeria, and the need for both adaptation and 
mitigation strategies in smallholder agriculture. The farm-level impacts provide 
information needed to formulate appropriate mitigation and adaptation strategies 
for going forward in climate-smart agriculture. A key finding from the farm-level 
analysis is that revenue generated decreases with GHG emissions mitigation and 
adaptation. Maximum possible GHG emissions reductions (while still meeting 
minimum household consumption needs) would require marked changes in produc- 
tion pattern and would lower household incomes. There appear to be no win—win 
adaptation strategies with current production practices and technologies that both 
increase revenue generation and reduce GHG. Productivity-enhancing technologies 
that would simultaneously reduce GHG emissions and increase revenue are needed 
for smallholder farms to play meaningful climate change mitigation and adaptation 
strategies in Nigeria without the burden of reduced incomes and greater risk. We also 
did not assess effects over longer periods, where the role of livestock as a key asset 
may imply additional negative impacts. This suggests the need for programmatic and 
policy actions to be taken by both national agricultural research systems and the 
Consultative Group for International Agricultural Research (CGIAR) to promote 
climate-smart agriculture in Nigeria. 
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Appendix 1: Detailed Description of the Optimization Model Used 
to Assess Trade-Offs Between Household Welfare (Income) and 
Farm-Level GHG Emissions 


The Farm-Level Optimization Model 


The farm model (Eq. 1) assessed the potential trade-offs between GHG reductions 
and farm revenue with the aim to identify the impacts of possible mitigation 
strategies and facilitate future analysis of potential adaptation opportunities through 
production practices that result in both reduced emissions and increased farm 
incomes. 

The objective function Z maximizes net household full revenue generated, given 
by: 


20 


12 
i-Aj—6 
ae > Wy Xr, — pw o + 2 Cir’ Xip (1) 


m=1 jp-1 
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where 

W,,= Wage paid per hour of hired labor in month m 

XŁ = Hours of labor hired by the household in month m 

X; = Purchased input i for tree or crop production activity j 

P; = Price of purchased input 1 per unit 

C;, = Unit value per kg for subproduct p of tree, crop, or livestock activity j 

X, = Production of subproduct p of tree, crop, or livestock activity j 

The objective function maximizes the total value of products derived from 
activities 7 = 1 to 6 locust bean and camel's foot in Bunkure and Maigateri, 
respectively. Represented as tree species. Branches and trunk of the Locust bean 
and Camel's foot trees can be used to meet household firewood requirements. 
Sorghum, legumes species are predominantly soybean in Bunkure and groundnut 
in Maigateri. While livestock includes cows, goats, and sheep production. “Full 
income" is specified as sum of product sold by the household. In addition to the 
opportunity cost of product consumed by the household less the costs of hired labor 
and the value of purchased inputs i = 1 to 4 that include fertilizer (NPK mix and 
urea), agricultural chemicals, manure, and seed for grains and legumes. Each of the 
products has subproducts that are either sold to generate revenue or used as internally 
generated inputs (Table A3) or used as internally generated inputs on the farm (Table 
A1). A total of 20 (j, p) combinations of activities and subproducts are represented. 

Land is one of the basic farm household resource constraint and the predominant 
land type (upland) used for rainfed production is modeled with the following 
equation: 


6 
E>) DX (2) 
j=l 


which shows that the total land available to the household, L, must be greater than or 
equal to total land used for annualized production activities j, xt . Thus, for model 
simplification, the agricultural activities were assumed to be yearly. Land rental is 
excluded to avoid unbounded solutions. 

A labor constraint signifies that the sum of household labor H,,, and or hired labor, 
XL available must exceed or meet total labor required for agricultural production 
activities, X^ 


7 
L „yP 
Hm +X; > 2. gm (3) 
= 


The purchase of inputs used for production activities is given by the product of 
the activity X^ and the fixed coefficient aj 


ayX, XX, (4) 
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Inputs produced on-farm and used for other production include tree fodder, crop 
residue biomass, manure, and milk. Tree fodder and crop residues are used as animal 
feed or soil amendment. Tree components were partitioned using formula adapted 
from Powell et al. (1995) and Bayala et al. (2014). Residue obtained as by-product 
from sorghum production were derived, using formula for harvest index adapted 
from Powell et al. (1995). Similarly, manure is used as fertilizer, while milk is used to 
feed young livestock. Formula for calculating manure production was in line with 
Powell et al. (1995) and Ayantunde et al. (2000). The relationships are represented 
by this equation: 


R P R P 
3 a5, eX 2 M aS X, (5) 
7 j 


The equation above requires that the amount available from the sum of produc- 
tion ofj’ sources must be greater than or equal to the sum of farm-generated resource 
used. The model includes constraints for animal nutrient requirements: dry matter 
(DM, kg/day), crude protein (CP, g/day) and metabolizable energy (ME, in mega 
joules, MJ) FAO, http://www.fao.org/ag/againfo/themes/documents/PUB6/ P6 20. 
htm: that states the recommended daily ME for maintenance of sheep and goat is 5.1 
and for cow producing less than 5 lit per day is 46 ME MJ/day. Recommended daily 
CP and DM requirement is 3% animal body weight, with average weight of 350 kg 
cow, 20 kg sheep, and 20 kg goat translating to 400, 32, and 32 g CP/day, 
respectively 

The constraint in equation 6 requires the diet fed to livestock must be less than or 
equal to the nutritional requirements for metabolizable energy (ME), crude protein 
(CP), and dry matter (DM) is represent thus: 


X USE 


a p.n j Ph € animal, ( J.p) € feeds > a" x. (6) 


jn 
"o 
which indicates that the sum of the (j,p) the product pd feeds allocated to animals of 


type j, XU9= j pj and the nutrient content of those feeds, a™ ^ must exceed the required 
anh x 


J pw 
n = 3 nutrients for animals of type j, a 


Products (j, p) allocated to households use XE jp; also must meet minimum house- 
hold consumption requirement HHR,, p, as follows: 


HHR «X7 (7) 


A balance constraint ensures that uses of products (7, p) for household con- 
sumption, sales, or use in production is less than or equal to the total sources 
supplied: 


HH SALES yP YLD A 
Xip tX jip +t D eX Saj X), (8) 
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Table A1 Assumed structure of inputs and outputs in the tree-crop livestock production optimi- 
zation model 


Saleable Consumed 
Activity (j) Inputs Output output output 
Locust bean Seeds, urea fertilizer, Fodder, pod, pod Fodder, Pod, 
and Camel's pesticides, labor, manure | valve, bran, pod, pod- branches, 
foot trees branches, and trunk valve, bran | and trunk 
Sorghum Seeds, urea, and NPK Grain, fodder, bran Fodder, Grain 
fertilizer, pesticides, bran 
labor, manure 
Soybean and Seeds, urea, and NPK Grain, fodder, bran, Grain, Grain 
groundnut fertilizer, pesticides, hull fodder, 
labor, manure bran, hull 
Cow Sorghum Stover/straw, Meat, milk, manure Meat, milk, | Milk 
Soyhull/groundnut manure 
residue biomass 
Goat Sorghum Stover/straw, Meat, manure Meat, Meat 
Soyhull/groundnut manure 
residue biomass 
Sheep Sorghum Stover/straw, Meat, manure Meat, Meat 
Soyhull/ groundnut manure 


residue biomass 


An additional constraint requires that the sum of GHG emissions aGHG XT, 


generated in the predominant farm practices must equal total GHG emissions per 
farm: 


GHGyP _ 
Sax = GHG (9) 
j=l 
which is used in the specification of alternative scenarios about required GHG 
emissions reductions per farm. For simplicity, ae does not include the effects of 


emissions from application of lime, pre-farm operations during storage, and trans- 
portation as well as all mechanized farm operations, as these are minimal in this 
farming system. 

The Tier 1 default methods and emission-factors (EFs) from the 2006 version of 
the guidelines that considered management practices with soils containing N inputs 
(Table A2.1) was employed. The default Carbon (C) produced is less than the 
estimated C harvested, and dead wood and litter stocks present in the predominant 
production system are at equilibrium and specified as zero. The Tier 1 default EF of 
0.20 representing 20% for CO (NH2) was assumed for calculating annual CO; 
emissions from urea application in kg C/yr. Amounts of CO, equivalents were 
calculated by multiplying CO;-C emissions values obtained by 44/12. Non-CO, 
emissions due to fire were estimated from the product of land area, (hectare), mass of 
fuel available for combustion, (tons ha ~'), combustion factor values, and emission 
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factor (g kg ^! dry matter burnt) for various type of burning. The carbon dioxide 
equivalents (CO5eq) factor was set at zero based on the assumption that the conver- 
sion of CO and NO, has weak global warming potential. 

N20 emissions include volatilization and leaching from manure management 
system (MMS) and managed soil (MS). Other N5O losses considered are annual 
amount of N in crop residues (above and below ground), including N-fixing crops, 
and from forage/pasture renewal, returned to soils annually, (kg N yr’). DAP 
composition for Nitrogen (N) content in 50 kg bag of NPK fertilizer with urea 
excluded is 0.20 kg N. All emissions were converted to N20 by multiplying 44/28 
with values obtained 

In ruminant livestock production, MMS and enteric fermentation result in CH4 
emissions in (Table A2.2). The EFs for sheep, goat, and mature cow grazing on large 
areas in developing countries were used. One TLU represents 250 kg live weight; 
equivalent of 1 camel, 1.43 cattle, 10 sheep/goats according to Ayantunde et al. 
(2011). All results were converted to carbon-dioxide equivalents (CO eq). In accor- 
dance with IPCC, a unit of CO2, CH4, and N5O represents 1, 21, and 310 units of 
CO»eq, respectively 

To implement scenarios requiring farms to reduce GHG emissions from current 
levels, an additional constraint was developed to ensure GHG emissions generated 
from the predominant production practice is less than the assumed amount: 


y Lat" 6x, < GHGLIM (10) 


6 
4 J 


j=l 
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Abstract 


Land and environment are some of limited nature resource for any particular 
country and requires best use. Therefore, for sustainable energy generation it is 
often important to maximize land use and avoid or minimize environmental and 
social impact when selecting the potential locations for solar energy harvesting. 
This chapter presents an approach for identifying and determining the potential 
sites and available land areas for solar energy harvesting. Hence, the restricting 
and enhancing parameters that influence sites selection based on international 
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regulation have been imposed to the Laws of Zambia on environmental protection 
and pollution control legislative framework. Thus, both international regulations 
and local environmental protection and pollution control legislative have been 
used for identifying the potential sites and evaluating solar PV electricity gener- 
ation potential in these potential sites. The restricting parameters were applied to 
reduce territory areas to feasible potential sites and available areas that are 
suitable for solar energy harvesting. The assessment involved two different 
models: firstly the assessment of potential sites and mapping using GIS, and 
secondly, evaluation of the available suitable land areas and feasible solar PV 
electricity generation potential in each provinces using analytical methods. The 
total available suitable area of the potential sites is estimated at 82,564.601 km? 
representing 10.97% of Zambia’s total surface area. This potential is equivalent to 
10,240.73 TWh annual electricity generation potential with potential to reduce 
CO, emissions in the nation and achieve SDGs. The identification of potential 
sites and solar energy will help improve the understanding of the potential solar 
energy can contribute to achieving sustainable national energy mix in Zambia. 
Furthermore, it will help the government in setting up tangible energy targets and 
effective integration of solar PV systems into national energy mix. 


Keywords 


Sustainable systems - Potential sites - Solar energy harvesting - Renewable 
energy : Zambia 


Introduction 


The purpose of meeting human basic needs and curbing climate change by reducing 
greenhouse gas emissions both at local and global levels has led to search for and 
establishment of energy policies for promoting renewable energy (Samuel and 
Owusu 2016; Sanchez-Lozano and García-Cascales 2014). The energy policies not 
only emphasized on promoting renewable energies but also on protecting natural 
resources and supporting natural environmental sustainability (Ivan 2015). Electric- 
ity generation from solar energy is in constant increase across the globe, but its share 
in the total energy production locally and globally still remains low as compared to 
fossil fuels. However, due to continual PV price decrease, increase in efficiency and 
maturity of technology in the last decades, feed-in tariffs including other incentives 
in many countries, has led to remarkable boom in photovoltaic (PV) technologies 
deployment and development both at utility-scale and residential levels across the 
globe (Robert 2014). According to International Energy Agency (IEA), the produc- 
tion of electricity from solar energy is expected to continue growing up to between 
20% and 25% by 2050 (SEFI/UNEP 2009; Yassine 2011; Yassine and Adel 2012). 

Despite ofthe remarkable boom in the application of solar PV technologies across 
the world, the application of these technologies in the electricity production in many 
developing countries like Zambia is still very negligible (Bowa 2017). However, 


47  GIS-Based Assessment of Solar Energy Harvesting Sites and Electricity. . . 901 


there are only a few examples of small isolated solar systems used by communities, 
schools, companies, private households, hospitals, and health centers. These systems 
are often used to meet the daily energy needs and to cover up energy needs during 
load-shedding period (MMWED 2008; Bowa 2017). One of the largest solar sys- 
tems installed by government so far through Rural Electrification Authorities (REA) 
was built in 2010 in Samfya district Northern Province (installed capacity of 60 kW) 
(Bowa 2017). According to Bowa (2017), the estimated total installed capacity of 
solar photovoltaic-based power plants as of 2016 was more than 2 MW (small off- 
grid systems). Hence, despite of the country being located in most favorable solar 
belt (MMWED 2008) and receiving significant higher solar irradiation than most of 
world's largest solar energy utilizing countries, solar energy application for electric- 
ity generation has remained negligible. According to Meteorological Department of 
Zambia, the country has monthly average solar radiation incident rate of 5.5 kWh/ 
m?-day (Gauri 2013; MMWED 2008; Walimwipi 2012; IRENA 2013). The solar 
radiation intensity across the country varies with western part of country having the 
highest annual average of approximately 5.86 kWh/m?-day and the eastern part with 
the lowest of 5.68 kWh/m?-day as shown in Fig. 1. Therefore, Zambia has a 
favorable climate conditions for utilization of solar energy for both production of 
electricity and thermal use. The total annual average global solar radiation ranges 
from 1981 kWh/m? in parts of North-Western, Eastern, Northern, Central, and 
Southern provinces to 2281 kWh/m? in parts of Luapula, Northern, and Western 
provinces of Zambia as illustrated in Fig. 2. 

In order to increase access to electricity for all, the Government of Republic of 
Zambia has set targets and plans to encourage deployment and development of 
renewable energy facilities across the country, with hydropower and solar energy 
based on photovoltaic technologies expected to experience the greatest growth. 
However, despite of several tools being available across the globe for estimating 
the solar energy potential for particular location, these tools do not fully take into 
consideration the environmental and social issues. In addition, the surface land areas 
and the natural environment are some of the world scarce natural resources that 
require selection of the best use of these rare resources (Ronald 2016). Therefore, in 
order to safeguard the natural environment and consider best use of available surface 
land areas, energy planning and site selection for promotion and deployment of 
renewable energy technologies in individual countries has become one of the most 
challenging aspect more especially in developing countries like Zambia. 

In addition, unified planning and poor site selection for intermitted renewable 
energy source based power plant have resulted in mismatch between the grid 
capacity and PV power plant output during peak time in some parts of the world 
(Siheng et al. 2016; Ming 2015). On the other hand, arbitrary site selection and 
neglecting the transmission line available reserve margin in the procedure have 
resulted in some PV power plant exceeding the local transmission line reserve 
margin and grid unable to transmit the energy to the load centers during peak 
hours (Chinairn 2013; Aly Sanoh 2014; Quansah 2016). Therefore, preliminary 
estimation and mapping of potential sites, available areas, and technical energy 
yield potential for intermitted renewable energy source based power plant 
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Fig. 1 Annual average horizontal solar irradiation 


deployment while considering social acceptability and supporting natural environ- 
mental sustainability can be helpful to overcome these problems (Siheng et al. 2016). 
Doing so also helps to avoid and minimize potential negative environmental and 
social impacts associated with deployment of these technologies. The preliminary 
estimates and mapping of potential sites and technical energy yield potential for solar 
photovoltaic power plant development, however, have not been made in most 
developing countries like Zambia due to various reasons. 

However, selection of potential site and evaluation of technical electricity gener- 
ation potential requires a number of finer spatial resolution data, since not all 
locations of any particular country are suitable for deployment of these technologies 
due to local landscape terrain, climate, and environmental regulations (Suri 2005). 

This chapter aims at providing a method for identifying and mapping a series of 
the potential sites and the available land areas suitable for solar energy harvesting in 
Zambia. The chapter further provides a method for assessing the electricity gener- 
ation potential from solar energy based on commercially available solar photovoltaic 
technologies and available land areas. The evaluations in this chapter considered the 
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Fig. 2 Annual total global solar radiation intensity (Mwanza et al. 2016a) 


modules of the solar PV systems mounted at optimal tilt position to the ground. The 
analysis focused on solar radiation, available areas, and typical energy that can be 
generated from the PV system considering the solar PV module characteristics and 
available solar radiation of the potential sites. The results of this study are important 
as it provides summarized information with regard to suitable potential sites, avail- 
able land area, and technical electricity generation potential that can be attained from 
using solar photovoltaic technologies across Zambia. 


Geographical Description 


Zambia is unique country endowed with variety and abundant nature resources, such 
as wildlife resources, watercourse resources, forests resources, minerals resources, 
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and renewable energy resources. Its abundant renewable energy resources such as 
solar energy are heavily untapped. The country is also blessed with unique climate 
and geography of flatland in most part of the country. It is situated between latitudes 
8° and 18° south of the equator and longitudes 22° and 34° east of prime meridian. 
The country is landlocked by eight countries, Zimbabwe and Botswana to the South, 
Angola to the West, Democratic Republic of Congo and Tanzania to the North, 
Malawi and Mozambique to the East, and Namibia to the Southwest (Mwanza et al. 
2016a). 


Solar Photovoltaic Power Plant Sitting Considerations 
Environmental and Social Issues 


Solar energy is clean, free, and unlimited renewable energy sources that can be used 
for variety of purposes including pumping water for irrigations, drying and preparing 
food, and most importantly for electricity generation. However, just like any other 
alternative energy supply option, solar photovoltaic technology deployments at 
utility-scale are not free from imposing negative effects on both the environment 
and society (www.energy.gov) (Wang and Prinn 2010; Union of Concerned Scien- 
tists 2015). Most of these effects depend on development size, site, and the type of 
technology deployed and also site selection and environmental guidance procedure. 
The environmental and social impacts associated with renewable energy technology 
development are mainly grouped as listed in Table 1 (Ahmed Aly 2017; Turlough 
2017; Shifeng and Sicong 2015; Kaoshan et al. 2015; Fylladitakis 2015; Saidur et al. 
2011; Gipe 1995; Interior Department 2010; Damon and Vasilis 2011; U.S 2016; 
Geoffrey and Tidwell 2013; England 2011; Tsoutsos 2005, 2009). 


Restricting Issues 


The potential impacts associated with utilization of renewable energy technology 
have potential to hinder or delay deployment and development of solar photovoltaic 
technologies or facilities in potential sites. Table 2 and Figs.3, 4, 5, 6, 7, 8, 9, 10, 11, 
and 12 list solar PV systems deployment restricting issues that have, among others, 
been considered for inclusion, as appropriate, in the available land area, technical 
electricity generation potential, and potential sites assessment for sustainable solar 
photovoltaic facilities development in Zambia based on highlighted environmental 
and social impacts (www.energy.gov; Abdolvahhab Fetanat 2015; Alami et al. 2014; 
Ahmed et al. 2017; Arthur Bossavy 2016; Addisu and Mekonnen 2015; Marcos 
Rodriques 2010; Anthony Lopez 2012). Restricting criteria data are features that 
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Table 1 Summarized environmental and social impacts induced by solar photovoltaic power 


Plants 


Type of 
impact 
Noise 
pollution 


Air and water 
pollution 


Water use 


Climate 
Change & 
Greenhouse 
gas (GHG) 
emissions 
Wildlife & 
Habitat loss 


Visual impact 


Causes 


Inverter noise due to 
internal electronics, 
transformer noise, 
construction noise 


PV module: Toxic 
materials, heavy 
machinery & 
transformers: Oil, 
switchgear breaker gas 
SFs, ground clearing 
and grading 

Periodic maintenance: 
PV module surface 
cleaning, construction 
activity, dust abatement 
activities 


Concrete and steel for 
PV array mounting 
foundations 


Excavation, grading, 
ground clearing, road & 
electrical grid 
construction 


Distance to residential 
areas, size of facility, 
night lights at power 
plant, human perception 


Factors contributing 


Air temperature, 
humidity, ground 
surface material, 
background noise, 
heavy machinery, 
human activity 


Fire, module cracking, 
leaking machinery due 
to poor maintenance, 
leakages in switchgear, 
transformers, & 
machinery, access roads 
& ground preparing 
Dust, wind, location, 
size of facility, system 
performance, unpaved 
roads 


Size of PV array, 
location of facility 


Location, landscape 
topography, size of 
facility, distance to road 
and electrical grid 


Scenic backgrounds, 
local landscape 
topography, local 
landscape between solar 
plant and viewers, 
location of solar farm, 
color of PV panels, 
layout of solar farm; 
irregular or regular, 
clear skies 


Effects 


Sleep disturbance, 
hearing losses, 
headaches, irritability, 
fatigue, constrict 
arteries, weaken 
immune systems, 
annoyance, or 
dissatisfaction 


Death, injuries, loss of 
ecosystem, 
contamination of soil, 
water, and air 


Reduced underground 
water recharge, reduced 
surface water flow, 
agriculture water 
problem, wildlife water 
problem, human water 
problem 


CO; emission; global 
warming 


Loss of feeding, nesting 
or roosting grounds for 
animals, birds, 
ecosystem disturbance, 
wildlife reduction 
Aesthetic effects, public 
health, negative 
perception of solar 
energy technologies, 
visual effect 


(continued) 
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Table 1 (continued) 

Type of 

impact Causes 

Land use/ Power grid & access 
Soil & Land road construction, PV 
Degradation, | array foundation 


fugitives dust 


excavation, removal of 
surface plants, 
wastewater and oil from 
construction machinery, 
excess wastes from 
construction: Plastics, 
metal, glues, & inks 


Factors contributing 


Layout of solar PV 
farms, location of solar 
PV farm, landscape 
topography, type of PV 
technology, tilt angle of 
modules, distance to 
access road and 
electrical grid, office 
wastes 


M. Mwanza and K. Ulgen 


Effects 


Deforestation, soil 
erosion, loss of habitat, 
landslide, floods, air 
and water pollution, 
ecosystem disturbance, 
fugitive dust 


Table 2 Restricting issue datasets 
Type of impact eliminated, 
minimized or avoided 
Water use, Wildlife & Habitat Loss 


Visual impact, Noise Pollution & 
Land use/degradation, fugitives dust 


Water use, land use/degradation 


Fugitive dust, water use, air/Noise 
Pollution & Visual Impact, land use 


Water pollution, Wildlife & Habitat 
Loss, land degradation 


Land degradation, Wildlife & 
Habitat Loss 


Land use, Wildlife & Habitat Loss, 
fugitive dust, water, air and soil 
pollution, visual impact 

Wildlife & Habitat Loss, climate 
Change & Greenhouse gas (GHG) 
emissions, land degradation 


Site 
descriptions 
Wildlife sites 


Community 
interest sites 


Agriculture 
sites 


Settlement sites 


Surface water 
bodies and 
surrounding 
sites 


Landscape 


Right of way 


Forest and 
surrounding 
sites 


Detail nature of sites descriptions 
National parks and game reserves 
Airfields, historical sites, 
archaeological sites, traditional and 
cultural heritage sites, national 
monuments sites and tourism sites, 
religious significance sites 

Crop areas and potential agriculture 
areas 

Rural/urban and residential areas: 
Towns, cities, villages, and areas 
used extensively for recreation and 
aesthetic reasons 

Rivers, lakes, streams, waterfalls, 
and wetlands 


Land elevation and slope 
(>Sdegrees), areas prone to flooding 
and natural hazards, zones prone to 
erosion or desertification, zones of 
high biological diversity, areas 
supporting populations of rare and 
endangered species, 

Transmission, roads and railroads 
network right of way 


Forests: Low need-leaved deciduous 
forest and moderate evergreen 
deciduous forest, shrub-lands: 
Closed to open shrub-land and open 
shrub-land, grassland: Sparse 
grassland, indigenous forest 
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Map of Zambia-Provinces/Districts 


0 
Kilometers 


Fig. 3 Administrative boundary map 


pose restrictions or limitations, that is, unsuitable or not preferred areas based on 
legislative laws of the country and nature. 


Potential Site Identification and Mapping 
Solar PV Potential Site Identification and Mapping 


In order to assess the potential sites suitable for utility-scale solar photovoltaic 
deployment based on literatures surveyed and the laws of Zambia on environmental 
for development of any industry or plant on a particular site and restrictions datasets 
summarized in Table 2. Thus, the following environmental and social impacts and 
issues illustrated in Table 3, among others, are considered for inclusion, as appro- 
priate, in the selection of suitable sites for solar energy facilities (ECZ 1994). 
These maps included land elevation map (DEM), land use/cover layer map, town 
and village location map, community interest sites map, national parks map, surface 
water bodies map, roads and railway map, study area boundaries, and transmission 
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Fig. 4 Land digital elevation map 


line maps (Nazli Yonca 2010; Sanchez Lozano et al. 2013, Brewer 2014, Chao-Rong 
Chen 2014, Charabi and Gastli 2011, Lopez 2012, Janke 2010; Uyan 2013). The 
rationale used for each restrictions are as follows: 


* Land Use/Cover (C6, C9): This dataset has 10 classes including bare land, closed 
to open shrubland, open shrubland, sparse grassland, croplands, urban settlement, 
water courses, wetland, and forest sites; low need-leaved deciduous forest and 
moderate evergreen forest. For deployment of solar PV power plants only bare 
lands, sparse grassland and open shrubland were considered suitable due to easy 
accessibility considering an emerging economy and also to reduce land clearing 
costs. 

* Wildlife Sites (C2): this dataset considers areas such as national parks, game 
reserves, and other natural resources since development in these sites will have 
adverse impact on birds, animals, and ecology, thus any construction in these 
areas may face public and international resistance. Therefore, these areas and the 
surrounding areas within the buffer of 2 km were considered not suitable 
(Nazli Yonca 2010). 
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Zones of Agriculture Potential of Zambia 
Zones of Agriculture Production Potential 


[eri Zone 1: Areas of High Potential 
Ez Zone 2: Areas of Medium Potential 
p Zone 3: Areas of Low Potential 
[re] Zone 4: Areas of Special Development 


Zones 5: Others 


0 50100 200 300 400 
eee Kilometers 


Fig. 5 Zones of agriculture production potential 


* Settlement and Community Interest Sites (C4, C1): The dataset consists of 
settlement areas for both rural and urban such as airfields, airports, towns, 
villages, and other dwelling areas and community interest sites. Here a buffer 
of 3 km is considered to avoid aforementioned impacts and increase public safety 
and acceptance. All areas outside the buffer were considered suitable (Joss 
and Watson 2015). 

* Land Elevation (C7): As it is expected that no one will install solar PV power 
plants in gorges or higher elevation due to construction costs. Thus, this dataset 
considered all higher and lower elevations such as mountains and gorges with 
steeper slopes above 5 as unsuitable areas. 

* Surface Water Bodies (C8): In this dataset all surface water bodies such as rivers, 
streams, lakes, including waterfalls, and wetlands were considered as protected 
areas in order to avoid water pollution. Thus, a buffer of 2 km was considered 
with all areas outside buffer being suitable. 

* Roads and Railways Network (C3): The dataset considers roads and railway 
network to be restriction since no one is supposed to build on roads or railway and 
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Fig. 6 Wildlife areas: national parks 


also for the safety of the public. Hence, a 0.5 km buffer has been considered in 
order to increase public safety and also reduce cost of constructing access road 
which usually leads to land use/degradation, wildlife and habitat loss, fugitive 
dust, and air and soil pollution to the site and surrounding areas. Thus, the areas 
outside the buffer are considered suitable. 

* Transmission Line Network (C5): In this dataset the right of way for transmis- 
sion line were considered as unsuitable area for solar PV power plants, thus a 
0.5 km buffer was used. Any areas within the buffer were considered unsuitable. 
The 0.5 km buffer were considered so that the cost of constructing new transmis- 
sion lines is reduced, but at the same time to avoid conflict with right of way for 
transmission lines and avoid land use/degradation, wildlife and habitat loss, 
fugitive dust, water, and air and soil pollution to the site and surrounding areas. 


After creating buffers, and changing some features from vector to raster, in order 
to evaluate available areas and identify/map feasible potential sites, the created 
buffers for the restricting layers were overlaid on each other using GIS spatial 
analysis. Figure 13 below shows the summarized analysis procedure. 
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Fig. 7 Settlement and community interest sites 


Available Land Area 


In order to estimate the available suitable areas for solar photovoltaic power plant 
development based on aforementioned restrictions issues, a new factor called Area 
Suitability factor fsp was introduced. It is defined as the ratio of total grid cells of 
suitable surface area to the total cells of the study surface area. The factor is 
estimated based on study area grid cells; here the total grid cells for study surface 
area are evaluated considering the sum of restricted and suitable surface areas’ cells. 
Hence the factor depends on the ratio of available suitable area and surface area of 
the study area and it is calculated using the expression below. 


iye ( Cosa ) _ Cosa (1) 


Cosa +Ccra)  Crssa 


where Cesa is the total number of cells of suitable areas, Cor, is the total number of 
cells of restricted areas, and Crssa is total number of cells of study area. 

Therefore, the total available suitable land areas for each district and for Zambia 
were evaluated using expression 2 given below 
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Fig. 8 Airports and airfield 


Aaps = f sr ` Arsa (2) 


where Aaps is total available suitable areas (km?), and Arsa is total surface area of 
the study area (km?). 


Electricity Generation Potential 


Solar Energy Potential in Zambia 

According to the literature and data undertaken by Meteorological Department of 
Zambia, the country has a significant potential of solar energy for both electrical 
power production and thermal from solar energy technologies. The country has 
average peak sunshine of about 6-8 hours per day and monthly average solar 
radiation of 5.5 kWh/m?-day throughout the year (MMWED 2008; Walimwipi 
2012). According to International Renewable Energy Agency (IRENA 2012), the 
country has the highest total yearly solar radiation of 2,750 kWh/m?-year with the 
highest average temperature of 30 °C, which presents good opportunity for solar 
systems deployment (IRENA 2012). 
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Fig.9 Road and railroad networks 


Performance of PV System 

In order to evaluate the performance of grid connected PV power plants, the 
following performance indices are normally used: yields, normalized losses, and 
system efficiencies, performance ratio, and capacity factor — (British Standard 
1998). However, in this chapter final yield, performance ratio and capacity factor 
have been adopted for analyzing the PV system performance of the various types 
of PV technologies commercially available on the market (Table 3) considering 
Zambia’s weather condition. In addition, several PV technologies have been 
considered in the evaluation of technical electricity generation and power poten- 
tial: firstly, because the energy generation by PV power plants with same peak 
power and receiving same amount of solar irradiation differs depending on the 
type of technology employed in the power plants, and secondly, the amount of 
peak power that can be installed at a given land area differ with PV technologies 
as shown in Table 4. Hence, it can be concluded that the type of cell technology 
has greater influence in the amount of land area needed for a peak power 
installation, the higher the efficiency the lower the land requirements for the 
peak power capacity installation (Martin-Chivelet 2016). 
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Fig. 10 Existing electrical network 


Energy Model of PV Array 

The solar energy resources are the key determinants of PV system electricity 
generation (IRENA 2012). The higher the solar energy resources, the more output 
yield of a PV systems per kilowatt. However, higher temperatures, dust, shading, 
balance of system inefficiencies, and PV technology characteristics have negative 
impact on the PV system energy yield (Didler 2012). Therefore, the electricity 
generated and supplied to grid by PV system considering these negative impacts 
has been estimated using Eq. 3: 


Ea = Apy : Hg -np (1 — Ap) (1 — Ac) (3) 


where E, is energy output of PV system (MWh/year), Hg is solar radiation on the 
surface of module (kWh/m?-day), Apy is PV system active area (m°), np is module 
efficiency under STC condition, A, is miscellaneous module losses due to dusty 
covering, and Ac is losses due to power conditioning unit and cable losses. Module 
efficiency is a function of its nominal efficiency, n, which is measured at STC 
T, = 25 °C (Didler 2012). it has been calculated as: 
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Fig. 11 Surface watercourses and streams 


Np — n. [1 — p(T. — T;)] (4) 


where f is a temperature coefficient for module efficiency, T, is a module temper- 
ature due to air temperature, and T, is STC reference temperature. 

Module temperature is related to the average monthly ambient air temperature, 
Ta, for a local condition has been calculated using Eq. 5 (Didler 2012). 


Te; = Ta 


_ Cr 9.5 
' Grnocr (57 + ave) (Te nocr — 20)(1 — nm) (5) 


where Gr is solar irradiance (W /n?), T, is ambient air temperature (°C), and Vw is 
wind speed(m/s) for the location, T. Nocr is nominal operating cell temperature 
(Table 3), it depends on type of PV technology, n, is the factor less than 1 and 
normally neglected and Grnocr is 800 W/m’. 
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Fig. 12 Land aspects 


Performance Ratio Model 

Performance ratio is denoted by PR, this factor is important as it shows the overall 
effect of losses on the PV array’s rated output power due to the PV array temperature, 
incomplete use of the solar irradiation, and PV system component inefficiencies or 
failures. It is calculated as (British Standard 1998). 


Yr Esc 


PR =E = Paco 
© Yr  Gnsre 


(6) 


where G-standard test condition solar radiance (1 kW/m?) and nsrc-array efficiency 
at standard test condition given as. 


P 
Nstc = Goa (7) 


where Apy,a-Active array area (nm?) and Ppy,a- array rated power (kWp). 
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Table 3 Environmental and social consideration for site selection in Zambia (ECZ 1994) 

Issues | Considerations E Effect description BEEN 
Ecological (a) Biological diversity. * Effect on number, diversity, breeding sites, 


etc. of flora and fauna 
* Effect on the gene pools of domesticated 
and wild sustainable yield 


(b) Sustainable use * Effect of soil fertility 
including: * Breeding populations of fish and wildlife 
(game) 


* Natural regeneration of woodland and 
sustainable yield 
(c) Ecosystem * Effects of proposal on food chains 
maintenance including: * Nutrient cycles 
* Aquifer recharge, water run-off rates, etc. 
* Aerial extent of habitats 
* Biogeographical processes 
Social, economic, * Effects of generation or reduction of employment in the area 
and cultural * Social cohesion or disruption (resettlement) 
* Immigration (including induced development when people are attracted 
to a development site because of possible enhanced economic 
opportunities) 
* Communication-roads opened up, closed, re-routed 
* Local economic impacts 
Land scope * Views opened up or closed 
* Visual impacts (features, removal of vegetation, etc.) 
* Compatibility with surrounding areas 
* Amenity opened up or closed, e.g., recreation facilities 
Land use * Effects on land uses and land potential in the project area and in the 
surrounding areas 
* Possibility of multiple use 
Water * Effects on surface water quality and quantity 
* Effects on underground water quality and quantity 
* Effect on the flow regime the water course 
Air quality * Effects on the quality of the ambient air of the area 
* Type and amount of possible emissions (pollutants) 


Capacity Factor Model 

This is a model used to show the amount of energy delivered to the grid by an electric 
power generation system (Ayompe 2014). It is defined as the ratio of the output 
actual annual energy generated by PV system to the amount of energy the PV system 
would generate if it is operated continuously at full rated power for 8,760 hours in a 
year and it is expressed as (Ayompe 2014; Kynakis 2009; British Standard 1998). 


- Eyc E PR x H, (8) 
8760 x Pey | 8760 x Ppy 


CF. 


where CF is capacity factor (70), EAc is Actual annual energy output (kWh/year), 
and Ppy is Full rated PV power (kW,). 
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Fig. 13 Analysis Procedure 


Solar Energy Potential Model 


Theoretical Solar Energy Potential Model 

Theoretical solar energy potential involves the assessment of the total solar energy 
that 1s received at the surface of the study area. This potential involves identifying 
the study area boundary and the size of the study land area, including total annual 
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Table 4 PV technology parameters 

PV technology PV technologies 

parameters mc-Si Pc-Si a-Si CIS CdTe Reference 

Efficiency (%) 23 16 7-10 12.1 11.2 IRENA 2012 

Temp. Coeff. B (%/°C) 0.41 0.43 0.27 0.26 0.25 Suprava and 
Pradip 2015 

Active PV area needed 7 8 15 10 11 IRENA 2012 

(m?/kW) 

Total PV system area 14,000 |16,000 |30,000 |20,000 |220,000 | Estimated 

needed (m^/MW) 

NOCT (°C) 47 45 40.3 45.6 45 Suprava and 
Pradip 2015 

Max. PV module (W) 320 320 300 120 120 IRENA 2012 

BOS losses (%) 8 8 8.13 11.33 11.33 Various 
sources 

Dust factor (%) 5 5 5 5 5 Various 
sources 


average solar radiation magnitude. The theoretical potential has been calculated 
using Eq. 9: 


Erg = As - Hp (9) 


where Erp is theoretical solar energy potential (MWh/year), A, is study area 
active surface area (km’), and Hp is total annual average solar irradiance 
(MWh/km?-year). 


Geographical Solar Energy Potential Model 

Geographical solar energy potential involves assessing the solar energy that is 
received on the available and suitable land area of the active surface land area of 
study area (Lopez 2012). Hence, the process of assessing this potential involved 
firstly excluding all the protected and restricted areas from the active surface area of 
the study area under consideration (Yan-wei 2013; Lopez 2012). 

Therefore, the remaining surface land area is taken as the most suitable land area 
of the total study area surface land area for solar energy technologies development. 
In this study, the geographical solar energy potential has been estimated using Eq. 10 
given below: 


Eg = A40s-Hg. (10) 


where Eg is geographical solar energy potential (KWh/year), AAps is Available 
Suitable Area (m?), and Hg is total annual average solar radiation (kWh/m?- 
year). 
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Solar PV Technical Power Potential Model 

The process of assessing the feasible solar PV technical potential, that is, the 
maximum power capacity that can be installed for any country without environmen- 
tal and social impacts involves firstly by excluding restricted areas and areas not 
suitable for utility-scale PV systems development within the defined boundaries. 
Furthermore, considering technical characteristics of solar PV technologies (Table 3) 
to convert the solar energy to electrical energy, the total solar energy that is received 
at the surface of the solar PV module and the area required by the PV system and its 
supporting infrastructures. Hence, the technical solar PV potential has been esti- 
mated using Eq. 11 (Yan-wei 2013; Lopez 2012): 


A 
Prp = (H). = Proar (11) 
PY: 


where Prp is Solar PV Power Potential (MW), ApysA is Solar PV system and 
Supporting Infrastructure Occupied Area per MW (km?/MW), Aans is Available 
Suitable Area for Study Area (km), Apv is total geographical occupied area by PV 
system and supporting infrastructure (km7), and Ppp is solar power density of the 
area (MW/km?). 


Solar PV Systems Electricity Generation Technical Potential Model 

The total AC electricity generated by the PV system is the sum of the electricity 
produced by all array in the PV power plant measured at the point where the system 
fed to utility grid. The total daily EAc pp and monthly EAc,mp AC energy generated 
by plant are expressed as (Ali et al. 2016; Tripathi et al. 2014; Siyasankari and Babu 
2015): 


24 


E4c,pp = 3 Esc: (12) 
1 
N 
E4cmp = 5 E4c,pp (13) 
d-i 


where N is number of days in the month, and Eac. is energy produced by PV power 
plant per hour (kWh). 

Utility-scale photovoltaic are large-scale solar PV power plant that can be 
deployed within the boundaries of the country on an open space land area (Lopez 
2012). Several studies have considered that the modules covers the available suitable 
areas on horizontal; however, the method proposed in this study seeks to consider the 
active area of PV arrays only and also the supporting infrastructures in the evaluation 
of technical potential. The process of assessing the extractable electricity generation 
potential from the sun for any country involves firstly by excluding areas not suitable 
for utility-scale PV systems within the defined boundaries, and secondly, consider- 
ing technical characteristics of PV systems to convert the solar energy to electrical 
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energy and the area required by the PV system and its supporting infrastructures. In 
this study the technical solar energy potential was estimated using Eq. 14 (Yan-wei 
2013; Lopez 2012): 


Er = Prp.CF.T rsx (14) 


where Ey is Solar PV Electricity Generation Potential (MWh/year), Prp is the 
technical power potential (MW), CF is Study Area Capacity factor (%), and Trsu 
is the hours of the whole year (8,760 hours/year). 


Potential Site and Electricity Generation Potential 
Solar PV Potential Sites and Mapping 


Figure 14 presents the map of solar PV potential suitable sites evaluated for Zambia, 
which indicates that the country has large land areas suitable for solar PV power 
plant development both at district and provincial levels. The aim of this case was 
focused on mapping the potential sites suitable for PV power plant installation with 
minimized or no environmental and social impacts. Therefore, all limiting factors 
considered not suitable for PV systems and those areas likely to have environmental 
and social issues were eliminated in the analysis using GIS spatial analysis. Hence, 
the Solar PV Potential Sites atlas shows that the country has the largest suitable site 
for solar PV power plant development in the Southern Province with Lusaka 
Province having the least. However, it can be observed that the available suitable 
areas are distributed throughout the country, hence providing opportunity for wide 
deployment of the solar PV technologies across the country. In addition, the atlas 
also shows that regions near to the national power grid contain suitable sites for easy 
integration of these technologies into the national energy mix and national power 
grid. The atlas provides essential information for sites close to villages and towns far 
from the grid offering opportunity for mini off-grid systems. Therefore, the atlas 
offers vital information for setting targets for electrification of both rural and urban 
areas of the country. 


Available Suitable Land Area 


Table 5 shows the annual average solar irradiation, total surface area and the 
available suitable areas for each district of Zambia. This reveals significant differ- 
ences in suitable available areas within the 75 districts and 9 provinces across the 
country due to the availability of the aforementioned restricting factors considered in 
the evaluation. It can be observed that the districts in Eastern Province have lowest 
ratios of suitable area to surface areas in the ranges of 1.57 to 11.6196 mainly due to 
the availability of restricting factors such as escapement, protected areas (e.g., 
National Parks, Zones of higher Agriculture Potential), and agriculture activities. 
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Fig. 14 Potential suitable sites for utility-scale solar PV power plant deployment 


The provincial total suitable areas available for utility-scale solar photovoltaic 
power plants development as shown in Table 6 ranged from 2,151.70 km? (Lusaka) 
to 16,593.56 km? (Southern). As earlier stated, Eastern Province has the lowest 
annual average solar irradiation and also the overall percent suitable area (6.61%) 
whereas Southern Province has the largest (19.33%). However, Lusaka Province due 
to its size and population has the lowest overall suitable area (2,151.70 km?) 
followed by Copperbelt (4,475.66 km?) and highest being the Southern Province 
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Table 6 Provincial total suitable areas for utility-scale solar photovoltaic power plants 


Annual solar irradiation Total area Suitable area Percent suitable area 


Province (kWh/m?-day) (km?) (km?) (99) 
Lusaka 5.70 21,896 2,151.7022 | 9.82 
Luapula 5.78 50,567 6,066.9202 | 12.00 
Central 5.76 94,394 10,051.3732 | 10.65 
Copperbelt | 5.75 31,328 4,475.6557  |1429 
Northern 5.83 147,186 13,017.1369 | 8.84 
N/Western | 5.74 125,826 11,515.0616 | 9.15 
Western 5.89 126,386 14,121.1512 | 11.17 
Southern 5.80 85,823 16,593.5621 | 19.33 
Eastern 5.68 69,208 4,572.0376 | 6.61 
Zambia 5.78 752,614 82,564.6007 | 10.97 


(16,593.56 km?) (Fig. 15a, b). In short, comparing only available suitable areas 
where installation of PV system is suitable, Southern province has about 7.71 times 
more suitable area than Lusaka Province. However, there are large differences in 
surface area size between the two provinces, with Lusaka having 3.92 times less 
surface area than Southern Province. The country has approximately 10.97% equiv- 
alent to 82,564.60 km? of the total suitable surface land area for development of 
utility-scale solar PV power plant (Table 6). 


Electrical Power and Electricity Generation Potential 


Table 7 shows district solar energy theoretical and geographical energy poten- 
tial. Since these potentials depend on the solar irradiation and available 
surface area and available geographical suitable areas. Hence areas with larger 
surfaces and receiving the higher solar irradiation such as Northern, Western, 
and North-Western have the highest overall theoretical potential whereas areas 
with larger suitable areas such as Southern, Western, Northern, North-Western, 
and Central Provinces have higher geographical solar energy potential (Table 
8 and Fig. 16). 

The district-based solar PV technical power potential by technology (Table 9) 
shows that crystalline silicon based solar PV technologies possess large potential due 
to less land requirements for installation, with monocrystalline-silicon technology 
having the largest technical power potential of 5,897.46 GW whereas amorphous- 
silicon having the lowest potential of 2,752.16 GW due to huge land requirements. 
The variation in power potential per district is highly depended on the available 
suitable areas in each district which is as a result of local geographical and terrain 
features. 

The provincial solar PV technical power potential per technology (Table 10 and 
Fig. 17) shows that Southern Province, followed by Western have the highest 
potential and Lusaka Province being the lowest. Figure 18 shows the comparison 
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Fig. 15 (a) Provincial total suitable areas for utility-scale solar photovoltaic power plants. 
(b) Comparison of provincial total surface areas and suitable areas for utility-scale solar photovol- 
taic power plants 


of solar PV technologies peak power potential for Zambia, with monocrystalline 
silicon having the largest whereas amorphous silicon having the lowest potential. 
In absolute numbers, the highest electricity generation can be generated in the 
Southern, Western, Northern, North-Western, and Central Provinces due to large 
available suitable land areas for utility-scale solar PV system development (Table 12 
and Fig. 19). Table 11 illustrates the district solar PV technical electricity generation 
potential by technology. Just like technical power potential it can be observed that 
districts with large suitable areas have the largest electricity generation potential. 
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Table 8 Provincial solar energy theoretical and geographical potential 
Annual Total Total Theoretical Geographical 
average solar surface suitable energy energy 
Province irradiation area area potential potential 
(kWh/m?-day) | (km) (km?) (TWh/year) | (TWh/year) 
Lusaka 5.70 21,896.00 2,151.70 45,554.63 4,476.62 
Luapula 5.78 50,567.00 6,066.92 106,760.30 12,808.87 
Central 5.76 94,394.00 10,051.37 | 198,511.37 21,138.12 
Copperbelt 5.75 31,328.00 4,475.66 65,726.77 9,390.02 
Northern 5.83 147,186.00 | 13,017.14 |313,025.37 27,683.98 
Northwestern | 5.74 125,826.00 | 11,515.06 | 263,421.22 24,107.19 
Western 5.89 126,386.00 | 14,121.15 | 271,908.65 30,380.45 
Southern 5.80 85,823.00 16,593.56 | 181,630.34 35,117.56 
Eastern 5.68 69,208.00 45,72,0.38 | 143,482.03 9,478.75 
Zambia SA 752,614.00 | 82,564.60 | 1,590,020.67 | 174,581.55 
& Theoretical Energy Potential ^ | Geographical Energy Potential 
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Fig. 16 Provincial solar energy theoretical and geographical potential 


Table 12 and Fig.19 show that Southern Province, followed by Western Province 


have the highest potential while Lusaka province has the lowest potential for 
electricity generation from solar PV based technologies due to aforementioned 
issues. Figure 20 shows a comparison of the provincial theoretical and geographical 
solar energy potential and the technical solar electricity potential. It is worth noting 
that due to technical characteristic of the solar cell technologies and land require- 
ments the technical solar electricity generation potential is lower as compared to the 
solar energy received on these potential sites. Hence, this presents the need to select 
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Table 9 District solar PV technical power potential by technology 


Technical power potential (GW) 


Province Districts mc-Si pe-Si a-Si CIS CdTe 
Eastern Chama 104.63 66.58 
Chipata 7.54 4.80 
Chadiza 8.57 5.45 
Petauke 70.45 44.83 
Katete 19.45 12.38 
Lundazi 15.16 9.65 
Nyimba 77.66 49.42 
Mambwe 23.12 14.71 
Total - 326.57 207.82 
Lusaka Chongwe 95.92 61.04 
Kafue 41.99 26.72 
Luangwa 14.51 9.23 
Lusaka 1.28 0.81 
Total - 153.69 97.80 
Southern Choma 92.83 59.08 
Gwembwe 34.15 21.73 
Itezhi-tezhi 277.04 176.30 
Kalomo 223.99 142.54 
Kazungula 312.11 198.62 
Livingstone 6.56 4.17 
Mazabuka 79.48 50.58 
Monze 48.42 30.81 
Namwala 19.22 12.23 
Siavonga 52.97 33.71 
Sinazongwe 38.48 24.49 
Total - 1,185.25 754.25 
Luapula Chienge 13.98 8.89 
Kawambwa 59.77 38.03 
Mansa 171.42 109.08 
Milenge 40.83 25.98 
Mwense 56.08 35.69 
Nchelenge 19.35 12.32 
Samfya 71.92 45.77 
Total - 433.35 275.77 
North Western | Chavuma 149.39 95.07 
Kabompo 62.80 39.96 
Kasempa 67.44 42.92 
Mufumbwe 58.07 50.82 27.10 40.65 36.96 
Mwinilunga 64.48 56.42 30.09 45.14 41.03 
Solwezi 139.07 121.68 64.90 97.35 88.50 
Zambezi 281.25 246.09 131.25 196.87 178.98 
Total - 822.50 719.69 383.84 575.75  |52341 
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Table 9 (continued) 


Technical power potential (GW) 
Province Districts mc-Si pe-Si a-Si CIS CdTe 
Province Districts Technical power potential (GW) 
Mc-Si Pc-Si a-Si CIS CdTe 
Northern Chinsali 43.96 38.47 20.52 30.77 27.98 
Chilubi 13.26 8.44 
Isoka 33.71 21.45 
Kaputa 148.24 94.34 
Kasama 82.15 52.28 
Luwingu 74.50 47.41 
Mbala 70.35 44.77 
Mpika 182.40 116.07 
Mporokoso 106.88 68.01 
Mpulungu 55.67 35.43 
Mungwi 60.09 38.24 
Nakonde 58.58 37.28 
Total - 929.80 591.69 
Central Chibombo 99.74 63.47 
Kabwe 6.77 4.31 
Kapiri-Mposhi 113.50 72.22 
Mkushi 129.84 82.62 
Mumbwa 164.56 104.72 
Serenje 203.55 129.53 
Total - 717.96 456.88 
Copperbelt Chililabombwe 10.05 6.40 
Chingola 17.60 11.20 
Kalulushi 12.81 8.15 
Kitwe 13.76 8.76 
Luanshya 11.01 7.00 
Lufwanyama 89.32 56.84 
Masaiti 52.19 33.21 
Mpongwe 88.94 56.60 
Mufulira 13.01 8.28 
Ndola 11.01 7.01 
Total - 319.69 203.44 
Western Kalabo 303.10 192.88 
Kaoma 71.35 49.22 
Lukulu 234.84 149.44 
Mongu 28.93 18.41 
Senanga 103.50 90.56 48.30 72.45 65.87 
Sesheke 146.48 128.17 68.36 102.54 93.22 
Shang'ombo 114.45 100.14 53.41 80.11 72.83 
Total - 1,008.65 882.57 470.71 706.06 | 641.87 
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Table 10 Provincial solar PV technical power potential per technology 


Technical Power Potential (GW) 
Province mc-Si pe-Si a-Si CIS CdTe 
Lusaka 153.69 134.48 71.72 107.59 97.80 
Luapula 433.35 379.18 202.23 303.35 275.77 
Central 717.96 628.21 335.05 502.57 456.88 
Copperbelt 319.69 279.73 149.19 223.78 203.44 
Northern 929.80 813.57 433.90 650.86 591.69 
North-Western 822.50 719.69 383.84 575.75 523.41 
Western 1,008.65 882.57 470.71 706.06 641.87 
Southern 1,185.25 1,037.10 553.12 829.68 754.25 
Eastern 326.57 285.75 152.40 228.60 207.82 
Zambia 5,897.46 5,160.28 2,752.16 4,128.24 3,752.93 
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Fig. 17 Provincial solar PV technical power potential per technology 


suitable solar cell technology for application in the solar energy harvesting systems 
for optimal solar energy utilization. 

Figure 21 shows the comparison of solar PV technologies for electricity gener- 
ation potential for Zambia considering the available suitable areas and the technol- 
ogy characteristics. It is observed that monocrystalline provides the highest 
electricity generation potential followed by polycrystalline and least amorphous. 
This is mainly due to the differences in amount of land area requirements for the 
same peak power and the ability of the technology to convert the solar energy into 
electrical energy (efficiency). 
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Fig. 18 Comparison of solar PV technical power potential per technology of Zambia 
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Fig. 19 Provincial solar PV technical electricity generation potential 


938 


M. Mwanza and K. Ulgen 


Table 11 District solar PV technical electricity generation potential by technology 


Technical electricity generation potential (TWh/Year) 


Districts Solar PV technologies 
Province sites mc-Si pe-Si a-Si CIS CdTe 
Eastern Chama 181.69 159.21 87.27 125.60 114.43 
Chipata 13.09 11.47 6.29 9.05 8.24 
Chadiza 14.88 13.04 7.15 10.28 9.37 
Petauke 122.33 107.19 58.76 84.57 71.05 
Katete 33.77 29.59 16.22 23.35 21.27 
Lundazi 26.32 23.07 12.64 18.20 16.58 
Nyimba 134.85 118.17 64.77 93.22 84.93 
Mambwe 40.15 35.18 19.29 27.76 25.29 
Total - 567.08 496.92 272.38 392.03 357.16 
Lusaka Chongwe 166.56 145.95 80.00 115.14 104.90 
Kafue 72.91 63.89 35.02 50.41 45.92 
Luangwa 25.19 22.07 12.10 17.41 15.87 
Lusaka 222 1.94 1.07 1.53 1.40 
Total - 266.88 233.86 128.19 184.50 168.09 
Southern Choma 161.20 141.25 71.43 111.44 101.53 
Gwembwe 59.30 51.96 28.48 40.99 37.35 
Itezhi-tezhi 481.06 421.54 231.06 332.56 302.99 
Kalomo 388.94 340.82 186.81 268.88 244.97 
Kazungula 541.97 474.91 260.31 374.67 341.35 
Livingstone 11.39 9.98 5.47 7.87 77 
Mazabuka 138.02 120.94 66.29 95.4] 86.93 
Monze 84.08 73.68 40.39 58.13 52.96 
Namwala 33.38 29.25 16.03 23.08 21.03 
Siavonga 91.98 80.60 44.18 63.58 57.93 
Sinazongwe 66.83 58.56 32.10 46.20 42.09 
Total - 2,058.15 1,803.50 | 988.55 1,422.80 | 1,296.27 
Luapula Chienge 24.27 21.27 11.66 16.78 15.28 
Kawambwa 103.78 90.94 49.85 71.75 65.37 
Mansa 297.66 260.83 142.97 205.77 187.47 
Milenge 70.90 62.13 34.06 49.02 44.66 
Mwense 97.39 85.34 46.78 67.32 61.34 
Nchelenge 33.61 29.45 16.14 23.23 21.17 
Samfya 124.89 109.44 59.99 86.34 78.66 
Total - 752.50 659.39 361.43 520.20 473.94 
Northwestern | Chavuma 259.42 227.32 124.60 179.34 163.39 
Kabompo 109.04 95.55 52.37 75.38 68.68 
Kasempa 117.11 102.62 56.25 80.96 73.76 
Mufumbwe 100.84 88.37 48.44 69.71 63.51 
Mwinilunga 111.97 98.12 53.78 77.40 70.52 
Solwezi 241.48 211.61 115.99 166.94 152.09 
Zambezi 488.38 427.95 234.57 337.62 307.59 
Total - 1,428.25 1,251.53 | 686.00 987.35 899.54 
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Table 11 (continued) 
Technical electricity generation potential (TWh/Year) 
Districts Solar PV technologies 
Province sites mc-Si pe-Si a-Si CIS CdTe 
Northern Chinsali 76.34 66.90 36.67 52.77 48.08 
Chilubi 23.03 20.18 11.06 15.92 14.51 
Isoka 58.53 51.29 28.11 40.46 36.86 
Kaputa 257.42 225.57 123.64 177.96 162.13 
Kasama 142.65 125.00 68.51 98.61 89.84 
Luwingu 129.37 113.36 62.14 89.43 81.48 
Mbala 122.116 107.04 58.67 84.45 76.94 
Mpika 316.173 277.54 152.13 218.96 199.48 
Mporokoso 1851.59 162.63 89.14 128.30 116.89 
Mpulungu 96.168 84.71 46.43 66.83 60.89 
Mungwi 104.35 91.43 50.12 72.13 65.72 
Nakonde 101.72 89.13 48.86 70.32 64.07 
Total - 1,614.55 1,414.79 | 775.49 1,116.14 | 1,016.89 
Province Districts Technical electricity generation potential (TWh/year) 
Solar PV technologies 
Sites Mc-Si Pc-Si a-Si CIS CdTe 
Central Chibombo 173.19 151.76 83.18 119.72 109.08 
Kabwe 11.76 10.31 5.65 8.13 7.41 
Kapiri-Mposhi | 197.08 172.70 94.66 136.24 124.13 
Mkushi 225.45 197.56 108.29 155.86 142.00 
Mumbwa 285.75 250.40 137.25 197.54 179.97 
Serenje 353.46 309.73 169.77 244.35 222.62 
Total - 1,246.70 1,092.45 | 598.80 861.85 785.20 
Copperbelt Chililabombwe | 17.45 15.29 8.38 12.06 10.99 
Chingola 30.56 26.78 14.68 21.12 19.25 
Kalulushi 22.25 19.49 10.69 15.38 14.01 
Kitwe 23.89 20.94 11.48 16.52 15.05 
Luanshya 19.11 16.75 9.18 13.21 12.04 
Lufwanyama 155.09 135.90 74.49 107.22 97.68 
Masaiti 90.62 79.41 43.53 62.64 57.07 
Mpongwe 154.45 135.34 74.18 106.77 97.27 
Mufulira 22.60 19.80 10.85 15.62 14.23 
Ndola 19.11 16.75 9.18 13.21 12.04 
Total - 555.13 486.44 266.63 383.76 349.63 
Western Kalabo 526.33 461.21 252.80 363.85 331.50 
Kaoma 134.31 117.69 64.51 92.85 84.59 
Lukulu 407.79 357.33 195.86 281.90 256.83 
Mongu 50.23 44.02 24.13 34.73 31.64 
Senanga 179.73 157.49 86.33 124.25 113.20 
Sesheke 254.36 222.89 122.17 175.84 160.21 
Shang’ombo 198.74 174.15 95.46 137.39 125.17 
- 1,751.49 1,534.78 | 841.26 1,210.81 | 1,103.13 
Zambia - 10,240.73 | 8,973.66 | 4,918.72 | 7,079.44 | 6,449.86 
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Table 12 Provincial solar PV technical electricity generation potential by technology 


Technical Electricity Generation Potential (TWh/Year) 

Solar PV technologies 
Provinces mc-Si pe-Si a-Si CIS CdTe 
Lusaka 266.88 233.86 128.19 184.50 168.09 
Luapula 752.50 659.39 361.43 520.20 473.94 
Central 1,246.70 1,092.45 598.80 861.85 785.20 
Copperbelt 555.13 486.44 266.63 383.76 349.63 
Northern 1,614.55 1,414.79 775.49 1,116.14 1,016.89 
Northwestern 1,428.25 1,251.53 686.00 987.35 899.54 
Western 1,751.49 1,534.78 841.26 1,210.81 1,103.13 
Southern 2,058.15 1,803.50 988.55 1,422.80 1,296.27 
Eastern 567.08 496.92 272.38 392.03 357.16 
Zambia 10,240.73 8,973.66 4,918.72 7,079.44 6,449.86 
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Fig. 20 Comparison of theoretical, geographical, and technical solar energy potential 


While Zambia has abundance suitable areas (Fig. 14) and almost evenly distrib- 
uted sunlight (Figs. 1 and 2) across the country, the focus on surface and suitable 
areas in the nine provinces and solar irradiation levels, the following can be 
identified. These factors however should be considered in the planning of national 
energy mix and also for management of electricity in the national grid once the 
penetration of solar PV technologies increases and becomes a significant part in the 
national electricity generation. 
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Fig. 21 Comparison of solar PV cell technologies electricity generation potential 


The highest theoretical solar energy potential is in Northern Province 
(313,025.37TWh/year) due to large surface areas of the province. 

However, the highest geographical and technical solar energy potential for solar 
electricity generation is in Southern Province (35,117.56 TWh/year) due to large 
available suitable areas. 

From highest yield point of view, due to abundance of sunlight received by 
Western province (5.89kWh/m?-day), the annual yields per installed solar PV 
systems peak are expected in Western province as compared to the rest of the 
country. 

Comparing the PV technologies, large electricity generation differences can be 
observed not only at district level but also at provincial levels. Table 13 indicates 
crystalline silicon based PV technologies have higher electricity generation 
potential as compared to thin film per square kilometer. 


Table 13 summarizes the estimated solar PV technical electricity generation and 


solar PV power capacity potential in Zambia for each nine (9) provinces investigated 
in this chapter. 


Conclusion 


This chapter provides an approach for identifying and mapping the potential sites for 
sustainable development of solar PV technologies based power plants using GIS 
spatial analysis. The chapter has integrated the geographical and technological 
factors as well as the Laws of Zambia on environmental protection and pollution 
control legislative framework for evaluating the electricity generation potential and 
feasible sites suitable for sustainable PV systems deployment across Zambia. 
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Thus, this chapter shows that Zambia has vast available solar energy technical 
potential for PV electricity generation. The larger PV electricity generation potential 
variability at district and provincial level is highly linked with the local geographical 
features and terrain which affect the availability of suitable area and also local solar 
energy resource. Therefore, integration and generation of electricity from PV sys- 
tems has greater potential to mitigate the current energy shortage and increase access 
to energy for all in Zambia. Furthermore, the suitable land areas in almost all districts 
and provinces is large enough for solar energy harvesting at utility-scale PV system 
capable of covering the present and future total electricity demands for Zambia. The 
identified potential sites have a total of available suitable area of 82,564.601 km? 
representing 10.97% of Zambia’s total surface area equivalent to 5,897.46 GW 
technical power potential. This translates to 10,240.73TWh/year electricity genera- 
tion potential considering annual average solar irradiation of 5.78 kWh/m^-day and 
monocrystalline silicon solar PV technology mounted at optimal tilt angle. This 
potential has capacity to reduce CO, emission and contribute to achieve energy 
access for all and Sustainable Development Goals (SDGs). 

The identification of potential sites and solar energy potential analysis will help 
improve the understanding of the potential solar energy, and PV technology can 
contribute to achieving sustainable national energy mix and increasing energy access 
for all in Zambia. Furthermore, it will help the government in setting up tangible 
energy targets and effective integration of solar PV systems into national energy mix. 
Hence, it is hoped that the suitability map established and the technical potential 
evaluated will help guide the decision makers and also the investors for planning 
future electricity generation targets and investment across the country and achieve 
the 2030 development goals. 
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Climate change and economic growth are closely connected. Climate change has 
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understanding of weather variability can enhance climate change policies, which 
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would help to support economic growth in these countries. As such, this research 
sought to examine if there is a long-run relationship between sectoral output and 
weather variables (temperature and rainfall) and to analyze the effect of weather 
variability on sectoral output using a panel of 13 sectors in Kenya. 

A Pedroni cointegration test was carried out to find out if there exists a long- 
run relationship among the variables and thereafter, a fully modified ordinary 
least squares regression was conducted to establish the effect of weather variabil- 
ity on sectoral output. The results indicate that there is a long-run relationship 
between temperature and sectoral output. Moreover, temperature has a larger 
effect on sectoral output compared to rainfall. With the evidence gathered from 
this research, it can be concluded that weather variability has an economic effect 
on sectoral output in Kenya. Given this, the Kenyan government needs to take a 
keen interest in understanding the effect of weather variability on the economy 
and in the broader picture, take steps to mitigate climate change. 


Keywords 


Weather variability - Climate change - Temperature - Rainfall - Sectoral output - 
Economic growth - Kenya - Panel data - Cointegration - Fully modified OLS 


Introduction 


Weather refers to the temporary conditions of the atmosphere, which is the layer of 
air that surrounds the earth. There are various factors that can change the atmosphere 
such as temperature, air pressure, humidity, wind speed, wind direction, altitude, and 
topography, among others. Together, these factors determine the weather in a certain 
area (National Centers for Environmental Information 2018). On the other hand, 
climate refers to the state of the weather over a long period of time in a specific area. 
Predictable weather is important for social and economic planning as it results in 
sustainable development. However, climate change could affect health, infrastruc- 
ture, transportation systems, as well as energy and food supplies. There is also a 
global challenge of acute water scarcity, which can be attributed to the extreme 
temperatures. On a global scale, there is a cry for environmental conservation since 
extreme weather occurrences have been found to be directly linked to the environ- 
ment’s state. Through their research, Mortimore et al. (2009) provide insight on the 
pattern that developing countries have recorded in terms of extreme weather occur- 
rences. The authors find that there has not been much investment and development to 
aid in preventing the damages that come with extreme weather occurrences in these 
countries. Developing countries are currently faced with considerable development 
constraints and to top it off, their poor coping and adaptation strategies to a changing 
environment push them deeper into development issues. The agricultural, livestock, 
fisheries, tourism, energy, forestry, health, and water sectors usually take the biggest 
blow when extreme weather events take place due to their relation and dependent 
nature on weather. The labor force and industries are also affected due to extreme 
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weather events and this eventually ends up having an adverse effect on the peace and 
stability of a country. 

In Kenya, the country's wildlife and other tourist attractions are vulnerable to the 
impact of climate change. Ferrara's (2015) research revealed that tourism in Kenya 
would be significantly affected by a change in wildlife migration patterns (e.g., 
wildebeest migration) caused by changing weather. Consequently, this would have a 
negative effect on the country's economy given that tourism is one of the major 
contributors to Kenya's Gross Domestic Product (GDP). Mount Kenya, which is 
another major tourist attraction, has snowcaps that are melting due to increased 
global temperatures. Additionally, the Kenyan economy is highly dependent on 
agriculture which contributes approximately 33% to the nation’s GDP. The agricul- 
tural sector in Kenya employs about 40% of the total population with more than 70% 
coming from rural areas (Food and Agriculture Organization 2019). The Food and 
Agriculture Organization ( 2019) also reports that farmers who are used to rain-fed 
farming systems are being pushed to areas that are vulnerable to drought due to 
increased human population. Furthermore, the unpredictability of weather patterns 
resulting from climate change does not favor their farming practices. In many 
developing countries, households face difficulty in adapting to climate change and 
very few households make a step and change their farming practices in response to 
climate change. Okoba et al. (2013) argue that despite the possibility to change this, 
many households are unable to make the costly investment and join the bandwagon 
in the agricultural shift. Despite developing countries having information on extreme 
weather occurrences, the impact of the occurrence of an extreme weather event is 
still very high. News of extreme weather patterns across Africa is increasingly 
becoming frequent and policymakers can no longer overlook this effect, which is a 
result of climate change. As temperatures continue to rise as a result of global 
warming, there are bound to be water shortages in Africa causing droughts and in 
the short term, occurrences of flash floods as well. The cycle effect is that agricultural 
output will be affected thus causing a drop in rural incomes for farmers who depend 
on agriculture and resulting in a decline in consumption and investment. 

Evidently, climate and agriculture are highly correlated as discussed by Linke et 
al. (2015) who carried out a research on the relationship between climate and social 
instability in Kenya. Agriculture is highly dependent on favorable weather condi- 
tions. Low output from farming during unfavorable weather conditions would result 
in low returns on the farmers' investment and in the next agricultural season, farmers 
may not have enough capital to invest for their next harvest. This is a vicious cycle 
whereby output that is affected by the weather would affect levels of income and this 
in turn affects the input necessary to produce more and the cycle continues. Dell et al. 
(2012) seek to bring out the evidence that in fact weather and economic variables do 
have a direct relationship. Their research examined the relationship between tem- 
perature shocks and economic growth in both rich and poor countries. Their findings 
show that higher temperatures reduce agricultural output, industrial output, and 
political stability. Not only do changes in the weather affect the agricultural and 
industrial sectors of a country, but the health of the population as well. The general 
health of a population is usually at risk in cases of extreme weather occurrences like 
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drought and floods. In Kenya, infectious disease outbreaks such as waterborne, 
rodent-borne, and vector-borne diseases have been associated with flooding espe- 
cially in areas with poor drainage systems (Okaka and Odhiambo 2018). Moreover, 
being on the equator, the temperate climate provides a perfect breeding ground for 
mosquitoes that spread malaria. Yanda and Mubaya (2011) report a rise in mosquito 
population in the occurrence of erratic weather where the spread of malaria and other 
waterborne diseases causes Kenya’s income to shrink in affected areas. This is 
because the current labor force must attend to their sick family members and current 
and/or future labor force could also decrease should they succumb to diseases. 
Furthermore, the World Health Organization (2018) reports that diseases transmitted 
by insects are emerging and reemerging and epidemics are reported more frequently 
than before in Africa. Evidence points to climate change being a major contributor to 
this public health crisis. With the weak adaptive mechanisms in developing nations, 
adverse weather patterns are bound to have a huge impact on the entire economy 
affecting the majority of the population. Thus, there is a need for policymakers to 
plan accordingly and most especially conserve the environment and thus the econ- 
omy for future generations. The erratic nature of weather patterns without adequate 
adaptation mechanisms has cost Kenya much more than it would have cost the 
country to put in place preventative measures that would reduce the scale of damage. 
For example, During the El Niño that occurred in 1997, Kenya made losses of up to 
USD one billion (Ngecü and Mathu 1999). The lack of preparation in the country 
adversely affected physical infrastructure due to the heavy downpour and further 
affected road, air, and rail transport networks. 

Given this, Nyangena (2016) studied the impact of weather variability (rainfall 
and temperature) on economic growth in Kenya. Nyangena (2016) cited the need for 
further empirical explorations and as such, this research analyzed the effect of 
weather (temperature and rainfall) variability on sectoral output in Kenya using 
panel data. Specifically, this research sought to establish if there is a long-run 
relationship between temperature, rainfall, and sectoral output in Kenya and to 
determine the effect of temperature and rainfall on sectoral output in Kenya. The 
sectors captured in this research were agriculture and forestry; mining and quarrying; 
manufacturing; electricity and water; construction; wholesale and retail trade; hotels 
and restaurants; transport and communication; financial intermediation; real estate, 
renting, and business services; public administration; education; and other services. 

It is important to remember the past so as to model better decisions for the future. 
Consequently, this chapter will make a contribution to literature by providing a 
deeper understanding of the effect of weather variability on economic output in 
Kenya using historical data. This will ultimately aid policymakers in planning and 
making decisions that will have a positive effect on the welfare of future generations. 
More specifically, the findings from this research will provide further insights on the 
effect of weather (temperature and rainfall) variability on sectors that contribute to 
Kenya’s economic growth. Further, the results will assist environmentalists in 
campaigning for environmental conservation and promote the use of environmen- 
tally friendly products, methods, and clean energy. Institutions such as The National 
Environment Management Authority of Kenya and the Green Belt Movement 
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together with the Ministry of Environment and Natural Resources and are not only 
involved in environmental campaigns but also advocate for policies and strategies 
that will help conserve the environment and mitigate the effects of climate change. 
The Ministry of Agriculture also stands to make more informed decisions that will 
benefit farmers and offer insight on policies regarding food security in Kenya related 
to weather variability. 


Theoretical and Empirical Context 
Theoretical Context 


Chaos Theory 

Making future weather forecasts is hard. It is only predictable to forecast the weather 
behavior in the future when a trend is observed from some initial weather conditions. 
Stephens et al. (2012) state that it is easier to predict climate than weather because 
weather is governed by an imbalance of the world's energy forces. A chaotic system 
is purely deterministic assuming absolute dynamism to the extent of exhibiting 
unpredictability in standard statistical tests, rendering it chaotic. Chaos theory, as 
described by Lorenz (1963) is the confusion, disorder, unpredictability, turbulence, 
and uncertainty in a spectrum of things. A chaotic system is one that is affected by 
initial occurrences and dynamic nonlinear patterns that are not fundamentally ran- 
dom. Understanding the initial points is fundamental for predictability to hold. 
Weather patterns are nearly impossible to predict due to their chaotic nature. 
However, with the advent of computers and their ability to handle massive amounts 
of data, there is a better possibility of predicting the weather. An essential observa- 
tion would be to see how many times the weather predictions have merged with the 
actual weather occurrences. As observed from past weather occurrences, there is 
generally a disparity most times and this 1s attributed to the possibility of climate 
change taking place. A general standard stochastic test can be useful in 
distinguishing a set of randomness and chaos. 


Climate Change Theories 

Hulme (2009) describes climate science as a function of the limits of science itself. 
Mathematicians working on climate systems find that uncertainties in climate pre- 
diction arise not only from initial conditions and forcing scenarios but also from 
model formulation. Further, the anthropogenic global warming theory admits that 
the climate system is naturally chaotic. Most people are familiar with anthropogenic 
global warming, which is manmade global warming. Under the theory of anthropo- 
genic global warming, it holds that manmade greenhouse gases are the main cause of 
global warming that has occurred during the past 50 years. As the years have 
progressed, loopholes have been found in this theory and new evidence shows that 
other natural factors contribute to modern global warming. The theory of anthropo- 
genic global warming is contested by other theories, some of which include the 
theory of the Bio-thermostat, which claims negative feedback from biological and 
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chemical processes offset whatever positive feedback might be caused by the rising 
carbon dioxide levels (Idso and Singer 2009). Sud et al. (1999) observed cloud 
coverage and formation. They found that the cloud coverage acted as a thermostat to 
regulate sea surface temperatures to a temperature of 28 °C and 30 °C. In a separate 
theory on human forcing, Matsui and Pielke (2006) explain that human activities 
such as deforestation, aerosols and ozone, coastal development, and jet contrails (the 
trail left behind by jets) transform the earth’s surface. Additionally, carbon dioxide 
emissions as a result of human activities play a dominant role on long-term climate 
change. The US Global Change Research Program (2014) reports changes in the 
earth’s climate due to the earth warming, with a key indicator of climate change 
being extreme weather and climate events. 


Economic Growth 

The neoclassical theory on economic growth states that the stock of capital, supply 
of labor, and technological developments are factors that affect the growth of an 
economy. The theory further explains the law of diminishing returns where increas- 
ing capital and labor have a limited impact on increasing economic growth. The new 
economic growth theories criticized the neoclassical theories stating that labor 
productivity does not have diminishing returns but rather has increasing returns 
and emphasis is put on the type of capital investment. Smith (1776) emphasized the 
dependency of economic growth on labor efficiency through division of labor. 
Additionally, Montesquieu and De Secondat (1748) argued that excess heat made 
men slothful and dispirited. As such, adverse climatic conditions affect laborers’ 
well-being and this in turn affects their output ultimately affecting economic growth. 
Moreover, the Malthus theory predicts that economic growth may have limitations 
caused by changes in the climate, overpopulation, and scarcity of resources. 

In his earlier studies, Barro (1999) explains that the growth rate of real per capita 
GDP was associated with higher levels of schooling. This is because an additional year 
in school enhances workforce capability to work and increases productivity. Real GDP 
per capita as used in this context is the measure of the economy’s total output in a 
country divided by the population and further adjusted for inflation. Workers level of 
education is a measure of human capital and is directly related to productivity. Under 
the Harrod-Domar theory, capital formation is given more weight on its effect on 
economic growth. The Harrod—Domar theory emphasizes the importance of national 
savings and productivity of capital investment as central to economic growth. The 
growth of an economy is dependent on demand created from newly generated income 
such that output produced by new investments can be fully absorbed. Ultimately, this 
should increase the production capacity of the economy. This theory further assumes 
that labor and capital are complementary to each other. 


Empirical Context 


A report by the Intergovernmental Panel on Climate Change (2014) warned that global 
temperatures are expected to increase by an estimate of 4 °C by 2100 (World Bank 
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2012). Considering these projections, economists and policymakers are faced with the 
need to quantify the impact of weather patterns, specifically rising temperatures on 
economic activity. Nordhaus (2010) cites the significant effects of extreme weather 
events on the level ofthe US GDP. According to Dell et al. (2012), in their analysis of 
the relationship between temperatures and aggregate economic activity, hot countries 
tend to be poor, with national income falling 8.5% per degree Celsius in the world 
cross-section. With the recent interest in climate change, it is a matter of concern to 
understand the impact of the weather on all aspects of life. Colacito et al. (2019) 
estimated the effect of temperature on the growth rate of US GDP using a panel of the 
US states. From their estimates, they concluded that if the current trend in rising 
temperatures does not change, then a drop of economic growth by up to one third 
could occur. Further, in their estimation, they found that summer and fall exhibited 
opposite signs. Summer and fall had opposite effects on the US Gross State Product 
(GSP). This meant that rising temperatures during summer decreased economic 
growth as estimated by GSP and a significant rise during fall as the temperatures 
decreased. There has been a difficulty in concluding the general effect of weather 
patterns using annual data as each year presents different seasons. This heterogeneous 
effect can be dealt with by using more frequent data to represent the weather patterns. 
In their inquiry, Linke et al. (2015) speculated that the future will get warmer, 
wetter, and wilder climates will be experienced. Ultimately, there is and still will be a 
surge of migrants and new wars. Intercommunity battles for resources increase 
conflicts and violence driven by calculation and political gain. According to the 
Food and Agriculture Organization of the United Nations (2019), increased compe- 
tition for natural resources in Kenya has sparked escalated conflicts in some of the 
areas. Abidoye and Odusola (2015) examined the link between economic growth 
and climate change and found that the vulnerability of most African economies to 
climate change is of concern. A fair majority of the working population largely 
depend on informal employment in economic sectors that are sensitive to climate 
change (such as agriculture, forestry, energy, tourism, coastal, and water resources). 
Temperature was seen to have a negative impact on GDP growth where a 1 °C 
change in temperature would result in an inverse change in GDP growth by 0.67%. 
Given this, there is a need to manage the impact of climate change on Africa's 
economy to ensure developmental growth. In another article, Deryugina and Hsiang 
(2014) explored within-country variation in the United States and found that daily 
temperature above certain thresholds (15 °C and 30 °C) reduces the productivity 
level. In a related paper, Zivin and Neidell (2014) find that warmer temperatures 
reduce labor supply in the United States, thus providing an economic rationale for 
why climate change might affect economic activity in a developed economy. There 
has been a correlation between poverty and heat as suggested by Montesquieu and 
De Secondat (1748), who argue that excess heat made men slothful and dispirited. 
Several other studies have focused on agriculture specifically and there is an 
evident inverse relationship between agricultural productivity and extreme weather 
occurrences although this is dependent on the crop type. Beyond agricultural 
constraints as a result of climate change, Awuor et al. (2008) found that floods 
lead to serious loss of life and property, which coastal towns such as Mombasa face 
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as a result of climate change. Mombasa is a major contributor to Kenya’s GDP 
through tourism, industries, imports, and exports and serves both Kenya and land- 
locked countries around it. Floods lead to loss of life, displacement of people, and 
destruction of infrastructure. Floods can occur at any time despite weather or climate 
patterns influencing when and where these floods occur (Smith 2002). Although 
drought affects more people than floods do, disease outbreaks such as malaria, 
typhoid, bilharzia, and dysentery have been seen to cripple labor productivity. 
Flood disasters are associated with the presence of flood hazards due to the nature 
of the terrain or flood vulnerability, which is attributed to poor regulation, poor land 
use, degradation of water catchment areas, poverty, population pressures, and 
settlement patterns (Opere 2013). 

In a more recent research done in Kenya, Nyangena (2016) explored the rela- 
tionship between GDP per capita, annual temperature changes, and annual rainfall 
and found that a unit change in temperature resulted in approximately 142 times 
change in GDP per capita arguing that temperature has a greater effect on GDP than 
rainfall. The empirical literature in Kenya revealed some inconsistencies with other 
bodies of literature that have sought out to explore the role of weather and climate 
changes in economic growth (Nyangena 2016). The findings of earlier studies 
revealed that temperature variability had an inverse relationship with economic 
growth (e.g., Colacito et al. 2019; Dell et al. 2012) whereas Nyangena (2016) 
found a positive relationship between temperature and economic growth. Nyangena 
(2016) determined the long-run relationship between economic growth and weather 
and used a vector error correction model to analyze the impact of weather variability 
on economic growth. On the other hand, this research aims to analyze the effect of 
weather variability on 13 different sectors in the Kenyan economy as opposed to the 
economy at an aggregate level. The sectors included in this research are: agriculture 
and forestry; mining and quarrying; manufacturing; electricity and water; construc- 
tion; wholesale and retail trade; hotels and restaurants; transport and communication; 
financial intermediation; real estate, renting, and business services; public adminis- 
tration; education; and other services. Additionally, this chapter will also provide 
insight as to whether there is a long-run relationship between weather variability and 
output from the 13 sectors that contribute to Kenya’s overall economic growth. 


Interactions Between the Variables Used in This Research 


The dependent variable in this research was sectoral output (measured using GDP 
per sector) focusing on the following sectors: agriculture and forestry; mining and 
quarrying; manufacturing; electricity and water; construction; wholesale and retail 
trade; hotels and restaurants; transport and communication; financial intermediation; 
real estate, renting and business services; public administration; education; and other 
services. The sectors were chosen based on availability of historical information. 
GDP per sector is the contribution that the sector has on overall GDP. The indepen- 
dent variables were temperature, rainfall, gross fixed capital formation, labor, and the 
business regulatory environment captured using the country policy and institutional 
assessment (CPIA) (Fig. 1). 
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Fig. 1 Interactions between the variables used in this research 


The Cobb-Douglas function drives the concept behind the variables chosen. 
Labor and capital should have a positive relationship with output, and in this case, 
the sectoral output is expected to have a positive relationship with gross capital 
formation because increased investments are expected to increase production and as 
such there would be more output, which is plowed back to investments and the cycle 
continues. The CPIA rating is expected to have a positive relationship with sectoral 
output where policy improvements would positively impact output growth. Labor is 
also expected to have a positive relationship with sectoral output because the labor 
force is key to increasing productivity up to a certain level. An increase in produc- 
tivity due to labor just like capital formation should result in an increase in output, 
which would be eventually plowed back as investments, which could take the form 
of increased labor opportunities. The weather variables (rainfall and temperature) on 
the other hand are expected to have an inverse relationship with sectoral output 
should there be a significant increase or decrease. For example, in the case of 
agriculture, a significant increase or decrease in temperature and/or rainfall will 
affect agricultural yield, reducing production and in the long-run causing a decline 
in output, which is GDP per sector in this case. 


Approach to Identify the Relationship Between Weather 
Variability and Sectoral Output 


Data Collected 
This research sought to determine the effect of temperature and rainfall on sectoral 


output in Kenya and further establish if there is a long-run relationship between 
temperature, rainfall, and sectoral output in Kenya. This research studied the sample 
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overtime using past information, which made it possible to establish the direction 
and magnitude of the effect of the independent variables on the dependent variable. 

According to the data availability on Kenya National Bureau of Statistics, the 
Kenyan economy has 13 economic sectors. The major industries include agriculture, 
forestry, fishing, mining, manufacturing, energy, tourism, and financial services. For 
this chapter, data on all 13 economic sectors over a period of 10 years, from 2008 to 
2017 was used to establish the effect of weather variability on the economy. To 
capture the effects of weather variability of economic sectors in Kenya, the start year 
of the research was 2008 but due to the unavailability of the most recent data on 
weather in Kenya, this research was limited to the years 2008-2017. Weather is 
generally described using the following atmospheric conditions: Temperature, wind, 
precipitation, and sunlight. Being in the tropics (at the equator) precipitation is 
generally experienced as rainfall and as such, due to limited data, the variables 
used to measure weather variability in this chapter are rainfall and temperature over a 
period of 10 years from 2008 to 2017. 

The data used was collected from secondary sources and comprised observations 
of variables over time with a cross-sectional dimension based on economic sectors. 
As such, panel data was used for this research. Variables used were temperature in 
degrees Celsius, rainfall in millimeters, GDP per sector in local currency, gross fixed 
capital formation in local currency, labor, and CPIA. The data for temperature in 
degrees Celsius, rainfall in millimeters were obtained from the World Bank Climate 
Change portal. Data for GDP per sector in local currency were obtained from the 
Kenya National Bureau of Statistics. Gross fixed capital formation data in local 
currency, which was measured as the annual net increase in physical assets was 
obtained from the World Bank Development Indicators. The data for labor, which 
measures the number of people employed was also obtained from the World Bank 
Development Indicators, while the CPIA data, which measures the implication of the 
legal, regulatory, and policy environments that help or hinder private businesses in 
investing, creating jobs, and becoming more productive was obtained from the 
World Bank Country Policy and Institutional Assessment database. All variables 
used for this research had an annual frequency. 


Model on the Relationship Between Weather Variability and Sectoral 
Output 


A panel data model was estimated and used to analyze the data. This model was used 
to provide information on the effect of temperature and rainfall on sectoral output in 
Kenya and was estimated using the fully modified ordinary least squares (FMOLS) 
method. All the variables were transformed into natural logarithms thus allowing the 
coefficient estimates to be interpreted as elasticities. The dependent variable of the 
model was GDP per sector (sectoral output) defined as the share that each sector 
contributes toward GDP. The independent variables were temperature measured in 
degrees Celsius and rainfall in millimeters. Additionally, following the Cobb-Doug- 
las function of measuring productivity, the gross fixed capital formation was 


48 Panel Analysis of the Relationship Between Weather Variability and. . . 957 


included to account for capital and labor force was used to account for human 
capital. The business regulatory environment was also captured using the country 
policy and institutional assessment (CPIA). Below 1s the econometric model: 


InGDP per sector; = By + B,InCapital formation; + B,InLabor;, + B4lInTemp,, 
+ B4lnRaini + BslInCPIA + wit 


Where: fo is the intercept, which is the same for all the sectors and over time. / to 
fs are slope parameters. The subscript i refers to an individual sector and t refers to 
the years from 2008 to 2017. @; = £i + uj. £i measures the random deviation of each 
sector's intercept from the common intercept term f, and ux is the residual term for 
sector i at time t. Capital formation is the net increase in physical assets, Labor 
captures the number of people employed, Temp captures temperature in degrees 
Celsius, Rain captures rainfall in millimeters, and CP/A captures the business 
regulatory environment as a rating (1 — low to 6 — high). 


Procedure 


Before investigating the existence of a long-run relationship between weather 
variability and sectoral output, a unit root test was carried out. Unit root tests are 
used to find out if a series of variables is stationary or nonstationary. When a series is 
stationary, the variables are time-invariant and are better suited for making forecasts. 
This research employed the Im, Peseran, and Shin (IPS) unit root test. Next, a test for 
the existence of a long-run relationship between weather variability and sectoral 
output using a cointegration test was carried out. A panel cointegration approach was 
employed and the principal idea was to investigate the existence of a long-run 
relationship among the nonstationary variables. Finally, a fully modified ordinary 
least squares (FMOLS) procedure was adopted to estimate the effect of weather 
variability on sectoral output. Pedroni (1996) brings forth the FMOLS as a solution 
to tackling non-exogeneity and serial correlation problems. Additionally, FMOLS 
addresses the problem of nonstationary variables as well as simultaneity biases. 


Establishing the Relationship Between Weather Variability and 
Sectoral Output 


Unit Root Test 


In order to establish whether the distribution of the variables used in this research 
does not change with time (stationarity), unit root tests were carried out. The results 
in Table 1 are a result of conducting an Im, Pesaran, and Shin (IPS) panel unit root 
test at level, first difference, and second difference. When conducting a unit root test, 
the null hypothesis is the presence of a unit root and rejecting the null means that the 
variable is stationary. The null hypothesis is rejected when the p-value is smaller than 
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Table 1 Unit root test results 


Variable Level First-order difference Second-order difference 
GDP per sector —0.4362 (1.000) —2.8004? (0.0001) 

Temperature 0.2327 (1.000) — 2.4535 (0.2990) —2.3519* (0.0022) 
Rainfall —3.8568* (0.0000) 

Capital formation — 1.5808 (0.1887) —3.2164? (0.0000) 

Labor —0.8516 (0.9791) — 0.5463 (0.9995) —3.0059* (0.0000) 
CPIA —2.3886* (0.0010) 


P-values in parenthesis 
“Statistically significant at the 5% level of significance 


Table 2 Panel cointegration results 


Test Level 
Modified Phillips-Perron test 3.0714? (0.0011) 
Phillips-Perron 1.9829* (0.0237) 


P-values in parenthesis 
“Statistically significant at the 5% level of significance 


0.05 (p « 0.05). At level, the null hypothesis is rejected for rainfall and CPIA 
indicating stationarity. At first difference, the null hypothesis is rejected for GDP per 
sector and capital formation and finally, at second difference, the null hypothesis is 
rejected for temperature and labor. 


Long-Run Relationship Between Temperature and Sectoral Output 


Next, cointegration was tested. This test was used to find out if there exists a long- 
run relationship between sectoral output and temperature. Rainfall is not taken into 
account in this test as it is a stationary variable at level. The p-values in Table 2 are 
the values in parenthesis and are highlighted by an asterisk at a 95% confidence 
level. Given that the p-values of the cointegration tests are less than 0.05 (p « 0.05), 
the null hypothesis of no cointegration is rejected. This result indicates that there is a 
long-run relationship between sectoral output and temperature, which answers the 
research objective of establishing if there is a long-run relationship between weather 
variability and sectoral output in Kenya. The long-run relationship between the 
temperature and sectoral output supports the findings of Nyangena (2016) who 
found that weather and output in Kenya had a long-run relationship. 


Effect of Weather Variability on Sectoral Output 


After establishing the presence of a long-run relationship between sectoral output 
and temperature, a method known as fully modified ordinary least squares (OLS) 
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Table3 Fully modified ordinary least squares results 


Variable Coefficient P-value Standard error 
Temperature —4.0229 0.7086 10.7312 
Rainfall 0.1920 0.6976 0.4927 

CPIA 0.7531 0.7624 2.4837 
Capital formation —0.8404 0.4746 1.1710 

Labor 8.2220? 0.0102 3.1398 


“Statistically significant at the 5% level of significance 


was used to establish the relationship between weather variability and sectoral 
output. The results of the estimation are shown in Table 3. 

The results in Table 3 show that there is a negative effect of temperature in degree 
Celsius on sectoral output, where a 1% increase in temperature leads to a 4.02% 
decrease in sectoral output holding all other factors constant. Regarding rainfall in 
millimeters, there is a positive relationship with sectoral output where a 1% increase 
in rainfall would result in a 0.19% increase in sectoral output holding all other factors 
constant. Colacito et al. (2019) also found an increase in temperature resulted in 
possible declines in economic growth. As seen in this chapter, there also exists an 
inverse relationship between temperature and sectoral output. Moreover, the inverse 
relationship between temperature and sectoral output is of a higher magnitude in 
comparison to the relationship between rainfall and sectoral output. This is consis- 
tent with the findings of Ochieng et al. (2016) who reported that temperature has a 
bigger effect on crop production in Kenya than rainfall. This chapter also supports 
the findings of Van-Passel et al. (2012) who argued that agricultural output is 
positively affected by rainfall when received on season and is good for overall 
economic performance. Even though this chapter found that rainfall has a positive 
effect on sectoral output, one should also keep in mind that continued heavy rain is 
likely to cause economic losses in Kenya as revealed by Ngecü and Mathu (1999) in 
their research. This research cannot particularly rule out this effect as it does not 
consider the seasonality of weather and the shocks therein. 

The business regulatory environment as measured by the Country Policy and 
Institutional Assessment (CPIA) has a positive relationship with sectoral output 
where a 1% increase in the CPIA rating would result in an increase of sectoral 
output by 0.75% holding all other factors constant. The findings of this chapter also 
support the research carried out by Kimenyi et al. (2016) who reported that policy 
improvement would result in economic transformations and sustained economic 
growth in the sectors in Kenya. 

Additionally, labor, which is the number of people employed, also has a positive 
relationship with sectoral output. A 1% increase in labor would result in an 8.22% 
increase in sectoral output holding all other factors constant. These results support 
the findings of Kimenyi et al. (2016) who found a positive correlation between 
human capital and productivity growth in Kenya. Further, they discuss the role of 
investment in education to improve the quality of human capital and spur rapid 
economic growth in the country. 
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Finally, capital formation and sectoral output have a negative relationship where a 
1% increase in capital formation results in a 0.84% decrease in sectoral output 
holding all other factors constant. These results are different from the analysis 
carried out by Ongo et al. (2014) who find that technical progress and infrastructural 
development have a positive association with economic growth in the Economic and 
Monetary Community of Central Africa. Interestingly, the findings from Zeb (2013) 
indicate that the quality of capital falls as temperature increases and results in a drop 
in economic growth. With the exception of labor, all other variables in the model are 
not statistically significant. This indicates that weather variability in Kenya does not 
have a significant direct impact on sectoral output in the country. However, the 
annual nature of the data used in this research meant that the seasonal effects of 
weather variability on sectoral output were not captured, which may have led to the 
weather variables being statistically insignificant. Due to the unavailability of 
quarterly data (labor, gross fixed capital formation, and CPIA — business regulatory 
environment), this chapter was unable to take into account the seasonal effects of 
these variables. 


Conclusion 


The results from this chapter indicate the presence of a long-run relationship between 
sectoral output in Kenya and temperature. Furthermore, there is an inverse relation- 
ship between temperature and sectoral output, which shows that an increase in 
temperature will lead to a decrease in sectoral output in Kenya. On the other hand, 
this research finds a positive relationship between rainfall and sectoral output, which 
reveals that an increase in rainfall in the country is likely to lead to an increase in 
GDP per sector. Kenya’s economy is highly reliant on the agricultural sector with 
most small-scale farmers relying on rain-fed farming. As such, an increase in 
consistent rainfall will lead to increased agricultural output as long as the rainfall 
is not in excess. Additionally, findings from this chapter show that the business 
regulatory environment as measured by the World Bank CPIA rating has a positive 
relationship with sectoral output. This implies that a better policy and institutional 
framework will lead to higher output in the various sectors in Kenya. The number of 
people employed also has a positive relationship with sectoral output. Gross fixed 
capital formation, which measures the annual net increase in physical assets has a 
negative relationship with GDP per sector in Kenya. 

With the evidence gathered from this research, it can be concluded that weather 
variability has an economic effect on output from the different sectors in Kenya. This 
suggests that the Kenyan government needs to take a keen interest in understanding 
and addressing the effects of weather variability and in a broader picture, the effect of 
climate change on each sector of economy. Some of the sectors may bear more of the 
brunt due to their dependent nature on weather. However, none of the sectors in the 
Kenyan economy will be left unaffected due to the effects of changing weather 
patterns and in the long term, climate change. Therefore, the Kenyan government 
should ensure that it fully supports the National Adaptation Plan, which is supported 
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by the Climate Change Act that was enacted into law in May 2016. Additional 
support and increased partnerships will also be required for Kenya to achieve its 
climate adaptation goals. For example, Kenya needs to actively take a broader 
perspective that encompasses other countries including those outside the African 
continent in its environmental conservation discussions. This is because the impact 
of climate change affect all countries across the globe. As much as temperature and 
rainfall levels in Kenya are not at extreme levels, there has been a notable change in 
the weather patterns and the effects are starting to be felt. Given this, Kenya should 
consider being more aggressive in its reforestation campaign throughout the country. 
This will help to remove excess carbon dioxide emissions from the atmosphere, thus 
reducing the severity of weather pattern changes and in the long-run, mitigate 
climate change. Further research could be carried out to investigate the effect of 
weather variability on the Kenyan economy using data with a higher frequency. This 
would help to factor in the effect of climatic seasons in the country on the economy. 
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Abstract 


Food production in Kenya and Africa in recent past has experienced vagaries of 
weather fluctuations which ultimately have affected crop yield. Farming in Kenya is 
localized in specific Agro-ecological zones, hence understanding crop growth 
responses in particular regions is crucial in planning and management for purposes 
of accelerating adoption. A number of strategies for adoption and adaptation to 
changing weather patterns have been deployed yet only limited challenges have 
been partially addressed or managed. This chapter examines previous methods used 
in classifying agro-ecological zones and further provides additional insightful param- 
eters that can be adopted to enable farmers understand and adapt better to the current 
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variable and unpredictable cropping seasons. The chapter scrutinizes past and current 
documented information on agro-ecological zonal valuations coupled with the use of 
earth observation components such as air temperature at surface, land surface 
temperature, evapotranspiration, soil, temperature, and soil and moisture content in 
order to better understand and effectively respond to new phenomena occurring as a 
result of climate change in the marginal agricultural areas. Significant variations in 
precipitation, ambient temperature, soil moisture content, and soil temperature 
become evident when earth observation data are used in evaluation of agro- 
ecological lower midland zones IV and V. The said variations cut across areas within 
the agro-ecological zones that have been allocated similar characteristics when 
assigning cropping seasons. The chapter summarizes the outcomes of various 
streams of contributions that have reported significant shifts or changes in rainfall 
and temperature patterns across Kenya and wider Eastern Africa region. The chapter 
highlights the need for re-evaluation of the agro-ecological zones based on the recent 
earth observation datasets in their diversity. The research emphasizes the use of 
multiple climate and soil-related parameters in understanding climate change in the 
other marginal areas of Kenya. 


Keywords 


Climate change - Length of growth period * Cropping seasons - Earth observation 
data 


Introduction 


Climate Change and Its Impacts in Lower Midland Agro-ecological 
Zones IV and V 


The worrying trends and implication of the changing climatic patterns and extreme 
weather events have been previously documented (Donat et al. 2013; Schneider et al. 
2018). One of the major concerns is the shift in weather patterns and its adverse 
effect on rain-fed agriculture. Previous work (Pearce 2000; Rosenzwerg, and le Parry 
1994) have shown the vulnerability of most developing countries to climate change. 
Seo et al. (2009) evaluated the effects of climate variability in Africa and singled out 
the semi-arid areas as the most sensitive while the productive areas such as the high 
to medium wet zones becoming even more useful for agriculture. These researchers 
highlight the role that agro-ecological zones play to bring out the understanding of 
climate change and further emphasize the role of climate change on the impact on 
crops and livestock in light of changing economic value. They further observed that 
climate resilience is built more on net crop and livestock revenue combined rather 
than crop or livestock alone, particularly the African region. Mendelsohn (2008) 
links markets and places the largest economic impact of climate change upon 
agriculture. Furthermore, studies in developing countries have pointed to challenges 
in placing the economic value to agriculture due to lack of data on farm performance, 
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as argued by Mendelsohn (2008). The author draws parallels from tropical and 
subtropical agriculture and is of the opinion that both regions are more sensitive to 
climate change compare to temperate zones and that the level of effect emanate more 
on climate scenarios at hand than agriculture practices or level of farming activities. 
In addition, the climate variability differs from one country to another and differ- 
ences are also evident within regions in the countries (Mendelsohn 2008). 

Kenya has experienced extreme rainfall events in every 3 years cycle on average 
based on the 1989-2011 analysis (Ndirangu et al. 2017). In the same period, severe 
droughts and changes in rainfall variability have become inevitable. These have 
severely affected farmers who depend on rain-fed agriculture and have eventually 
become victims of climate variability and extreme weather events. Furthermore, the 
global financial and economic crisis have made the situation worse through the 
disruption of agricultural supply chains and market, weakening the ability of 
the agricultural sector to address food security. Despite intervention in agriculture, 
crop, and livestock production system are still sensitive to drought and other extreme 
weather events especially in arid and semi-arid areas as indicated by Ndirangu et al. 
(2017). This confirms the existence of fragile local mechanism for coping and poor 
resilience to cushion against future climate change shocks. Ochieng (2015) discusses 
the impact of climate change on agricultural production and considers rainfall and 
temperature has having positive effects on the revenues of most crops. Fluctuation of 
temperature and rainfall in growing seasons is known to cause serious problems in 
normal plant processes, hence crop losses are inevitable. The findings by Ochieng 
(2015) stressed the significance of the longstanding effects of climate change in terms of 
temperature changes to have an adverse effect on crop production compared to interim 
effects. The impacts of temperature in this respect significantly override those of rainfall 
fluctuations. Fischer (2006) predicted that the global warming phenomenon would lead 
to higher temperatures and modify precipitation levels which to far extent have had an 
impact on the productivity of land suitable for agriculture. These are some of the current 
events being experienced in countries such as Kenya. He further concluded that the 
integration of agro-ecological zonal methodologies and socioeconomic models could 
provide right tools for land use planning and resource development. 

Farming in most parts of Africa, Kenya included, revolves around agro- 
ecological zones. It is the agro-ecological zones as defined by FAO (1978) and 
improved by Jiitzold and Kutsch (2000) through the farm management guidelines 
that determine where crops can be suitably grown. In this agro-ecological zones, 
cropping seasons have been identified based on the length of growing periods. In 
addition, FAO (1978) defines agro-ecological zoning (AEZ) as the use of soil 
parameters, natural features, and climate characteristics to demarcate areas potential 
for agricultural production. The particular parameters used in the agro-ecological 
zoning and cropping pattern assign more focus on the climatic and soil, chemical, 
and physical parameters and their requirements by crops and on the management 
systems under which the crops are grown. Each zone has a similar definition to 
ensure its suitability to support certain functions. This kind of evaluation calls for 
certain recommendations designed to improve the existing land-use suitability 
situation, either through increasing advocacy for production or by barring use due 
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to land degradation. Moreover, the studies on agro-ecological zoning put emphasis 
on the use of FAO classification of 1978 which looks at the ability of agricultural 
land to support crop production through length of growing period, temperature, and 
precipitation. According to FAO (1978), this length of growing period is understood 
to be the period where rainfall and stored soil moisture is greater than half of the 
evapotranspiration. This, therefore, simply means the longer the growing season, the 
more the plants to be planted, the longer the period for plant carbon fixation, and the 
higher the yields. Vrieling et al. (2013) indicate that the length of growing period is 
analyzed based on weather station data, which are unfortunately quite scarce in 
Africa or depend coarse rainfall satellite data that are not reliable. The findings 
reported by Vrieling et al. (2013) clearly show that there are high variability in length 
of growth period in arid and semi-arid areas. This is further confirmed by the high 
crop failure rate in the same regions. 

Length of growth periods derived from earth observation data such as GIMMS 
Normalized Difference Vegetation Index generation 3 (NDVI3g) dataset provided 
useful information for mapping of farming system as well as study of climate 
variability. The other option for assessing the length of growing periods is 
documented elsewhere (De Beurs and Henebry 2010; White et al. 2009) and 
consider use of time-series remote sensing data. The remote sensing methods have 
been found to be convenient in providing useful information for understanding 
cropping patterns especially at the start and end of seasons. If such information is 
properly harnessed can provide early warning systems that can be leveraged on for 
efficient planning. Henricksen (1986) discussed the need for proper definition of 
agro-ecological zones in Africa. According to him, it would enhance the ease in 
collecting and updating agro-ecological data and further give a better latitude for 
proper definition of the cropping seasons. 

The role of agro-ecological zone in defining the crop environment in Kenya, has 
been generated from the agro-climatic zones. An agro-ecological zone is therefore 
defined by its relevant agro-climatic factors, especially the moisture supply and 
differentiated as well by soil patterns. The aim is to provide a frame-work for the 
natural land use potential. The main zones are therefore differentiated by their ability 
to provide temperature and water requirements for the specific crops in that partic- 
ular agro-ecological zone. This is related to the climatic yield potentials as calculated 
from the computer. Once these zones are established, they are comparatively run 
alongside the Braun’s climatic zones of the precipitation/evaporation index as shown 
by Le Page et al. (2017). The comparability is expected to have variances due to the 
influence of the length and intensity of arid periods, a factor that has also to be 
considered. New agro-ecological zoning methodologies have been done and found 
to be effective in assessing crops against climate vulnerability (Le Page et al. 2017). 

Climatic changes have caused drastic weather patterns over the years where more 
consideration other than length of the growing period are needed. The current length 
of growing periods are characterized by intensive precipitation whose distribution is 
poor while at the same time high temperatures are experienced in-between period of 
precipitation cessation. Inclusion of earth observation data, therefore, becomes 
very critical in understanding developing climate variability within the existing 
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agro-ecological zones and thereafter necessitating technologies that can accommo- 
date significant changes. Earth observation data and remote sensing technologies 
have improved and hence provide near real-time observations. Moreover, the place- 
ment of rain gauges which determine the precipitation data is sparse and may not 
reflect microclimatic changes that have occurred over the years as argued by Vrieling 
et al. (2013). The evaluation of agro-ecological zone focuses on changes in precip- 
itation, temperatures, and soil characteristics which have necessitated the interpre- 
tation of changes in growing periods over the years using earth observation data. 
Furthermore, there has been a pressing need to adapt climate-smart crops for the 
various regions in Kenya. Coincidentally, climate-smart crop management in the 
twenty-first century is the new paradigm shift that may be panacea to majority of 
rain-fed smallholder farmers to cope with climate change. This chapter therefore 
calls for use of earth observation data such as soil surface moisture data, varied 
temperature parameters, varied precipitation parameters, and other relevant param- 
eters that can enable the evaluation of cropping seasons based on gridded variation 
found within the agro-ecological zones from earth observation datasets. 

Previous studies have shown that rainfall levels are bound to decrease, increase, 
or remain the same under most climate scenarios albeit with a lot of extremes in 
some scenarios, while the temperature are likely to increase. It is these impacts and 
implications of such reports that have necessitated the need to reevaluate the agro- 
ecological zonation and infer whether there any significant changes in the growing 
periods. Ayugi and Tan (2019) revealed a rise in temperature which might contribute 
to hydrological droughts in the arid and semi-arid areas in future. Additional 
information have pointed out the need to analyze for specific trends and thereafter 
characterize areas in terms of vulnerability to climate, particularly the semi-arid areas 
of Africa, Kenya included. King’uyu et al. (2000) noted significant changes over the 
surface temperature based on data collected in 71 stations for the period 1939-1992 
in Eastern Africa. Unfortunately, geographical variability in nighttime temperature 
was difficult to interpret thereby calling for further research. Nsubuga and 
Rautenbach (2018) did a review of climate change and variability in Uganda and 
confirmed a growing trend in changes in temperature and rainfall and, moreso, in the 
Eastern Africa region where Kenya and Uganda lie. Hastenrath (2001) and Schreck 
and Semazzi (2004) have also done extensive work on climate change in East Africa 
and significantly provided information on changes in weather patterns over years. 
These reviews of scientific research findings have created a better understanding of 
the recent climate changes and variabilities in Kenya and provide further information 
for use in future research and adaptive actions. 

The use of earth observation data in climate change monitoring cannot be 
overemphasized. Earth observation data have provided important insights into 
important parameters such as biological, physical, and chemical in its bid to address 
climate change needs and adaptation strategies (Guo et al. 2015). The capacity of 
earth observation data is advanced in terms of temporal and spatial scales. The 
complexity in the study of climate change in the aspects of atmosphere, oceans, and 
lands, make earth observation data an important option as stressed by Guo et al. 
(2015). The launch of various datasets by NASA and their availability to near real 
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time open a huge platform for addressing climate change issues in Africa. The 
current chapter attempts to integrate a number of these options to give insights to 
climate-smart agricultural option in these fragile agro ecological zones IV and V with 
an aim of providing strong adaptation and adoption strategies to variable weather 
and cropping seasons. 

This chapter focuses on the agro-ecological zones IV and V of the marginal lands 
of Tharaka-Nithi, Meru, Makueni, and Machakos counties that run along a similar 
agro-climatic belt in Eastern Kenya. These areas cover semi-arid region where most 
farmers depend on rain-fed agriculture for livelihood. These areas are characterized 
by crops as such green grams, sorghum, millet, and pigeon peas. Agro-ecological 
zones IV and V are classified as a Lower Midlands that are found in semi-arid areas 
(FAO 1996). According to FAO (1978), the various cropping patterns in the two 
rainy seasons are evaluated as having the following characteristics:- very short to 
short and very short cropping seasons, very short to short and very short to short 
cropping seasons, very short to very short to short cropping seasons, two very short 
cropping seasons, very uncertain and very short to short cropping season, and finally 
very uncertain and very short cropping season for Tharaka Nithi. Part of Meru that 
form part of the agro-climatic belt of Tharaka-Nithi have similar cropping pattern. 
Machakos’ lower midlands zone V is also characterized by very short and very short 
to short cropping seasons, very short and very short cropping seasons, and finally 
very short to short and very short to short cropping seasons. Kitui, on the other hand, 
has very short to short and short to very short cropping seasons, very short and very 
short cropping seasons, very uncertain and short to short cropping seasons for both 
zones IV and V (Jiitzold and Kutsch 2000). The average rainfall and temperatures for 
Tharaka Nithi, Meru, Makueni, Kitui, and Machakos lower midland zones IV and V 
as documented by the farm management hand book of Kenya is illustrated in 
Table 1. Illustration of the these zones are also shown in Fig. 1. 


Earth Observation Products in Climate Change Monitoring 

Time average, soil moisture content underground, land surface skin temperature, 
multiyear monthly mean surface temperature, air temperature, total precipitation 
flux, total surface precipitation flux, total surface precipitation, precipitation rate, 
combined gauge precipitation, monthly precipitation, climatology rainfall flux, and 
monthly evapotranspiration for varied periods products were obtained from earth 
observation Geospatial Interactive Online Visualization and Analysis Infrastructure 
(GIOVANNI) NASA web portal. The products used were precipitation rates in 
mm/day with a spatial resolution of 0.25? for the period 1998-2019. Precipitation 
rates here refers to rainfall intensity. Another product used was amount of precipi- 
tation on monthly basis recorded as mm/day for the period 1998—2017 packaged as 
time average maps at 0.5? spatial resolution. Thirdly, soil moisture content under- 
ground at 0—10 cm, 10-40 cm, and 40-100 cm was also evaluated. The products 
were obtained from NOAH through the GLDAS model for the period 2000-2019. 
Alongside these, the soil temperature at 0—10 cm, 10—40 cm, and 40—100 cm was 
obtained from Atmospheric Infrared Sounder (AIRS)/National Oceanic and Atmo- 
spheric Administration (NOAA) products for the period 1998—2014 at 0.25? spatial 
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resolution. Another temperature parameter examined was the products of air tem- 
perature at surface day time and night time as obtained from AIRS/STM for the 
period 2002-2016 at 1? spatial resolution. Further products on evapotranspiration 
from NLDAS/MOSO for the period 1998-2014 at 0.25? spatial resolution. The 
dataset used for this study are general time average maps for periods not less than 
10 years to bring various phenomena of variation in the area of study. These 
phenomena are meant to provide current insight into climate change variability 
and influence in agro-ecological lower midland zones IV and V. The remote sensing 
product analyses were done using QGIS, Terrset software, and other GIS software. 
This was to get current status of the agro-ecological lower midland zones IV and V 
and whether there are any indications that can lead to change in cropping season and 
suitability of crops. Other products examined include time average products on 
amount and distribution of the precipitation as compared to studies done by Jiitzold 


Table 1 Characterization of lower midland zone V based on cropping season, annual temperature, 
and annual average rainfall — Jatzold and Kutsch 2000) 


Annual mean 


Name ofthe | Agro-ecological | Cropping season in temperature in Annual average 
county zones IV and V the two rainy seasons | °c rainfall in mm 
Tharaka V Very short to short 24—22.9 800—900 
Nithi and and very short to 
Meru short 
Very short to short Too small 
and very short 
Very short and very 750-870 
short to short 
Very short and very 650-850 
short 
Very uncertain and 630-660 
very short to short 
Very uncertain to very 600—700 
short 
IV Short to very short 23.5-21.0 820—920 
and short to very 
short 
Machakos V Very short to short 24—21.6 650—750 
and and very short to 
Makueni short 
Very short and very 600—800 
short to short 
Very uncertain and 600—700 
very short to short 
Very uncertain to very 690—700 
short 
Very short and very No data 
short 


(continued) 


972 H. Manzi and J. P. Gweyi-Onyango 


Table 1 (continued) 


Annual mean 


Name ofthe | Agro-ecological | Cropping season in temperature in Annual average 
county zones IV and V the two rainy seasons | °c rainfall in mm 
IV Short to very short 22.0-21.0 700—850 

and short to very 
short 
Very short to short 700—800 
and short to very 
short 

Kitui V Very short and very 24.0—23.0 650—790 
short to short 
Very short and very 600—780 
short 
Very uncertain and 600—750 
very short to short 
(Very short) and very 600—650 
short 
Very uncertain and 550—630 
very short 

IV Short to very short 24.0—20.9 800—1000 

and short 
Very short to short 750-880 
and short to very 
short 
Very short and short 700—820 
to very short 
Very uncertain and 720—820 


short to very short 


and Kutsch (2000) that are mostly used for national policy planning on cropping 
season in Kenya through the farm management guideline books. 


Climate Variability in Agro-ecological Lower Midland Zones IV 
and V Soil, Air, and Land Surface Temperature Variations 


This chapter gives a brief overview of air temperatures, land surface temperature, 
and multiyear land surface skin temperature daytime for the period 2000 to 2016 that 
depict an upward trend in temperature changes (Figs. 2 and 3, respectively) for zones 
IV and V. These areas that include parts of Makueni and Kitui show temperatures of 
between 26 °C and 31°C while Machakos, Tharaka, and parts of Meru have 
temperature ranges of 24—26?C. These temperatures changes compared closely 
with those earlier reported by Jiitzold and Kutsch (2000) (Table 1) with annual 
average temperature ranges of 22—24 °C for Machakos, Kitui, and Makueni indicat- 
ing an increasing trend in temperature. Tharaka Nithi and parts of Meru temperature 
fluctuate between 24—26 °C and 22-24 °C, respectively. The trend of temperature 
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Fig. 1 Agro-ecological lower 
midland zone IV and V in 
Machakos, Kitui and Tharaka 
Nithi 


Legend 


Agro-ecological Zone Lower Midlands IV and V 
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N 


Agro-ecological Lower Midland zone IV and V in 
Machakos,Kitui and Tharaka Nithi 


variations confirms reports by previous studies (Nsubuga et al. 2014; Omondi et al. 
2014), an indication of increase in temperature trends and variability over East 
Africa. The challenge of variations from one locality to another as highlighted by 
Omondi et al. (2014) may be solved through having gridded earth observations data. 
Earth observation data provide spatial resolution smaller compared to data collected 
from various in situ stations whose spatial resolutions are usually very wide due to 
unavailability of adequate and well-distributed weather or radar station in Kenya. 
There are pockets of temperature variations as shown on the time-average maps of 
air temperature for the period 2002-2016 which is a 14-years-period for both 
daytime and nighttime (Fig. 2). This is an indication that over the years, different 
areas within the agro-ecological zones of lower midland IV and V have experienced 
climate variability in terms of temperature changes. This may also imply that the 
length of growing periods of crops are different within the same zone. Vrieling et al. 
(2013) is of the opinion that the distribution of crop and farming systems go hand in 
hand with the length of growing period. They further note that length of growing 
period in Africa (Kenya included), have been determined by weather station data 
with poor spatial distribution. 
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Climate change over the years has been studied and confirmed to cause a 
fluctuation in the length of growing periods as shown by Gregory et al. (2005). 
Moreover, Ayugi and Tan (2019) brings out the importance of surface air tempera- 
ture as one of the parameters to be considered and blends well with the current 
finding in regard to agro-ecological lower midland zone IV. Ayugi and Tan (2019) 
further highlights the significant role of this type of products in the assessment of 
climate change variability for interpretation of the overall climate state in Kenya. His 
observations depict a trend of increasing temperatures in the period between 1971 
and 2010. Similar inferences are drawn from the earth observation climate products 
for air temperature at surface for the period 2002 to 2016 in the similar areas. The air 
temperature at surface (Fig. 2) varies significantly within the agro-ecologies of lower 
midland zones IV and V. These datasets if generally compared to data by Jiitzold and 
Kutsch (2000) in Table | are possible to infer that there is an increasing trend in 
temperature. Rise in temperatures were predicted to increase between | °C and 2.5 ° 
C on average, with a predictive temperature change in 2020 being between 1 °C and 
2 °C for 2030 and 2.5 °C for 2040 (Eitzinger et al. 2011). These predictions are likely 
to change crop suitability for various regions as further argued by Eitzinger et al. 
(2011) based on research that displays maps with changing suitability of tea growing 
area in Kenya. He further cautions that areas between 1400 and 2000 meters above 
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Fig. 2 Air temperature at surface variation in agro-ecological lower midland zone IV and V 
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Fig. 3 Land surface skin temperature variations in agro-ecological lower midland zone IV and V 
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sea level are likely to be regions that will experience the highest changes in 
suitability for crops. 

Additionally, this chapter made effort to deeply make observations on monthly 
Land surface skin temperatures for the period 2002—2016 at 1° spatial resolution to 
further improve on understanding of the analysis. Figure 3 shows significant varia- 
tions within the agro-ecological lower midland zones IV and V. Such variability in 
land surface temperatures in any area is a manifestation of variation of vegetation 
responses to water stress (Sun 2009; Pinheiro et al. 2006). Land surface temperature 
has been confirmed to be a very important parameter for environmental as well as 
climate studies (Pinheiro et al. 2006). It is also important to note that currently, 
weather stations provide limited data on spatial patterns of temperatures over large 
areas as shown by Assiri (2017). This leaves interpretation of the land surface 
temperatures from satellite imagery a viable option. It would, therefore, be prudent 
to argue that land surface temperature is a key parameter in understanding crop water 
stress within any agro-ecological zone. 

The significance of land surface temperatures in climate monitoring cannot be 
ruled out in the extreme weather event scenarios as reported by Sun (2009). 
Furthermore, Vlassova et al. (2014) emphasize land surface temperature as an 
important parameter in soil-vegetation transfer modeling in most terrestrial environ- 
ments. This parameter becomes even more important in evaluating cropping seasons 
and assessment of length of growing periods in such areas. Time average maps of 
multi-year monthly daytime and nighttime land surface temperatures for the period 
2002-2016 are also presented for agro-ecological zones IV and V (Fig. 3). Evidently, 
there are significant variations across the entire agro-ecological lower midlands 
zones IV and V area as also confirmed by the monthly daytime and nighttime 
temperatures for the same period. Assiri (2017) demonstrated high correlation 
between moderate resolution imaging spectroradiometer (MODIS) satellite night- 
time land surface temperature which also had high correlation with station-based 
minimum temperatures as compared to the daytime land surface temperatures. The 
accuracy and effectiveness of MODIS land surface temperature was further corrob- 
orated by those of Kenawy et al. (2019). Apparently, Sun (2009) showed that land 
surface temperature uses/values to be quite wide and included but not limited to 
hazard prediction, water management in agriculture, crop management, in terms of 
crop stress monitoring and yield forecasting and nonrenewable resource manage- 
ment. In addition, the authors provide contribution to work done regarding assim- 
ilation of land surface temperatures in soil moisture monitoring through the surface 
energy balance assimilation scheme. 

This chapter also makes observations on soil temperatures for 0-10 cm, 10— 
40 cm, and 40—100 cm for the period 1998-2014 at a spatial resolution of 0.25? since 
the focus of understanding agro-ecological zones currently suitable for certain crops 
and the cropping seasons. These products do not seem to show significant differ- 
ences among the various soil depths (Fig. 4). This could probably be attributed to 
vegetation cover, an important element in thermal conditions of soils (Holmes et al. 
2008). This condition has the ability to influence the vertical differentiation of soil 
temperatures as previously revealed by Skawina et al. (1999). What was striking is 
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, Figure 5.0: Multiple Precipitation parameters showing Rainfall variation in 
Agro-ecological lower Midland Zone IV and V 


Fig. 5 Multiple precipitation parameters showing rainfall variation in agro-ecological lower 
midland zone IV and V 


the significant variation identified within the agro-ecological lower midland zones 
IV and V with the soil temperatures varying across Makueni, Machakos, Tharaka 
Nithi all the way to the small parts of Meru, i.e., the ranges are 26.85-22.85, 20.85— 
24.85, 24.85-26.85, and 17.85—23.85, respectively, for all areas (see Fig. 5). These 
observations summarize quite significant and clear changes that have been taking 
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place within the zones over a long period as result of climate variability and extreme 
weather events. Similar observations have been reported before by Buckman and 
Brady (1971) who stressed the significance of soil in agriculture since it is the 
medium upon which crops are grown. They confirm that significant chemical and 
biological reactions begin when certain temperatures are optimal in the soil media. 
Moreover, Skawina et al. (1999) demonstrated the significance of weather conditions 
on the thermal properties of soil. This, therefore, means that significant climate 
variability influence soil temperatures positively or negatively and thereby affecting 
crop growth. 

Soil temperature parameters therefore become extremely important factors to 
consider in agro-ecological zone characterization as shown by studies of Osińska- 
Skotak (2007) who reported that soil temperatures were influenced by meteorolog- 
ical situations taking place. Onwuka (2018) confirms that soil temperatures are 
affected by environmental factors especially by controlling the heat on the soil 
surface and heat dissipated from the soil down the profile. The importance of soil 
temperature cannot be overemphasized in this chapter. Indeed Sabri et al. (2018) 
showed that biological processes such as seed germination, seedling emergence, 
plant root growth, and the availability of key nutrients are components dependent on 
soil temperature, moreso the transmission of water inside the plant. In addition, 
injuries in the plant tissue at root zone can occur as a result of fluctuation in 
temperatures (lower or higher) as attested by Decker (1955). This could imply that 
soil temperatures fluctuation could the reason for high soil-borne diseases due to 
injury of plant tissues. It could also be the explanation for high soil-borne disease 
incidences associated with climate change. Schollaert Uz et al. (2019) documents the 
role that remote sensing datasets can play in linking different climatic variability 
events to pest and disease incidences. In this chapter, the coupling of crop models to 
pest and diseases model together with climates are considered as new frontiers to 
enabling monitoring of pests and diseases outbreaks under extreme weather events 
for early preventative measures. 


Precipitation Amount, Rate, and Soil Moisture Variations 


Several earth observation products modeled for precipitation analysis were used in 
this chapter for understanding variations within the agro-ecological lower midland 
zones IV and V as shown in Fig. 5. The first product we considered was the average 
time maps for precipitation monthly for the period 1998—2017 (recorded in mm/day) 
at spatial resolution of 0.5?. This revealed variations in precipitation amounts within 
these areas. The amounts varied across the areas in consideration with Kitui and 
Makueni showing a range between 1.39 and 0.9 mm/day, while Machakaos had 
precipitation amounting to 1.59-1.89 mm/day and Tharaka Nithi and Meru 
exhibiting 1.39-1.89 mm/day and 1.26-1.59 mm/day, respectively. Another product 
of interest that observed was the total monthly surface precipitation in mm/day for a 
spatial resolution 0.5 x 0.625? for the period 1980—2020. This product also showed 
significant variation within the agro-ecological lower midland zones IV and V where 
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places like Makueni and Kitui showed precipitation amounts of 63.67-44.43 mm/ 
month with small pockets showing higher precipitation amounts of 70.36— 
82.49 mm/month. Machakos area had rainfall ranges between 70.36 and 94.2 mm/ 
month with some small areas to the North East experiencing precipitation amounts 
of 94.2-118.04 mm/month. Finally, Tharaka Nithi and parts of the drier Meru 
experienced precipitation amounts of 70.36—118.04 and 53.4-48.2 mm/month, 
respectively. The combined satellite gauge precipitation monthly in mm/month at 
spatial resolution of 0.5? for the period 1983-2017 also formed an interesting 
observation set. There were clear and interesting variations on precipitation amounts 
within the agro-ecological lower midland zones IV and V. This product specifically 
showed 49.17-62.72 mm/month for Makueni and Kitui, while for Machakos the 
precipitation ranges between 69.96 and 101.61 mm/month. Tharaka Nithi and Meru 
show precipitation amount of 59.77-101.61 mm/month with a small area to the 
northeast showing 41.51—49.17 mm/month. Finally, the time average maps of 
climatology of rainfall flux monthly for the period 1982-2016 at spatial resolution 
of 0.1? in Kg/m ?/s ! was also observed. The observation pointed to the fact that 
substantial variations existed within the area of the agro-ecological lower midland 
zones IV and V. All products showed a significant rise in precipitation amount for 
areas, especially Makueni, Kitui, and Machakos. We observe that these areas have 
experienced gradual increase in rainfall amounts in some pockets, e.g., Machakos as 
compared to earlier reports by Jiitzold and Kutsch (2000), implying a rising trend. 
On the contrary, Makueni and Kitui areas seem to register a downward trend in 
precipitation (see Fig. 5 and Table 1). Over the years, these semi-arid regions have 
been described to be regions of limited precipitation (Slatyer and Mabbutt 1964). 
However, Managua (2011) had conflicting views, indicating a rise in rainfall for the 
period 2020—2050 for most parts of Kenya. These scenarios of high unprecedented 
rainfall are currently being experienced in Kenya. 

Precipitations in the marginal areas have been described to undergone consider- 
able positive change, indicating trends of increasing rainfall amounts in some 
pockets. Other studies have reported conflicting (negative trends), indicating the 
failure to include the changing Indian Ocean weather patterns; — something that may 
affect climate data modeling along semi-arid regions as argued by Herrero et al. 
(2010). Vrieling et al. (2013) gave a comprehensive descriptive dataset on changes in 
weather patterns which showed an increasing trend in the dry period between the 
short and long rains and this has been happening at the expense of short rains. 
Interestingly, Elbasit et al. (2014) has also demonstrated that there is a good 
agreement between satellite Tropical Rainfall Measuring Mission (TRMM) 3B43 
products and the monthly rain gauge information, confirming increasing trend in 
rainfall and the reliability on Tropical Rainfall Measuring Mission (TRMM) earth 
observation products for climate monitoring. 

The variations observed and scenarios of higher precipitations in some part of the 
agro-ecological lower midlands zones IV and V call for future evaluation of the 
cropping season as well as the length of growth periods. The proper and reliable 
estimation of onset and cessation of precipitation is critical in rain-fed agriculture in 
the semi-arid areas as emphasized by Fiwa (2014). Incidentally, existing information 
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shows that the relationship between precipitation onset, cessation, and length of 
growing period becomes very important in the planning of agricultural activities 
especially among smallholder farmers in Africa (Fiwa et al. 2014). In this chapter, 
therefore, we are of the opinion that there is an upward increase in precipitation in 
these marginal areas and but the absolute increase the precipitations have vast 
variability. Aming et al. (2014) also identified precipitation extremes and higher 
variabilities in arid and semi-arid parts of Africa, the findings which seem to be in 
line with our observations in these agro-ecological lower midland zones IV and V of 
Kenya. Fluctuation and variations in the rainfall have also been confirmed by 
Camberlin (2009) with indications showing serious variations from one weather 
station to another, especially in the long rains of East Africa. The growing develop- 
ments in satellite-based rainfall assessments provide a cheaper alternative to rainfall 
data that is available for free online (Kumar and Reshmidevi 2013). The collection of 
rainfall data using passive or active remote sensing techniques has a potential to 
bring a more informed way of handling climate change in Africa and moreso Kenya 
with huge landmass represented by arid and semi-arid regions. These methods of 
rainfall data collection can be described as brightness temperature for passive 
method (Heng et al. 2010) and attenuation of the radar power at several heights to 
estimate surface rain for the active method (Skolnik 1962; Meneghini et al. 1983; 
Heng! et al. 2010). 

Rainfall intensity from earth observation data is known to show variations within 
the agro-ecological lower midland zones IV and V (Fig. 6). Higher precipitation rates 
are associated with areas of high precipitation as shown in Fig. 6. High precipitation 
rate is associated with runoff and hence low soil moisture content (Mutiga et al. 
2013). This further affects the length of growing period and expected cropping 
seasons. Notably, high runoff is associated with low productivity of soil and causes 
severe risk in agriculture as result of climate hazard (Gatot et al. 2001). Furthermore, 
it is known that soils experiencing high runoff as result of high rainfall intensity are 
normally very low infertility due to the percolation of soil nutrients. Rainfall 
intensity monitoring in agro-ecological zone of marginal areas of Kenya is key 
since high level of runoff in the semi-arid areas are highly associated with precip- 
itation rates as well as poor farming practices. Fiwa et al. (2014) asserts that rainfall 
intensity monitoring using weather satiation is a real challenge across Africa. Thies 
(2008) evaluated rainfall intensity data from satellite imagery differentiation tech- 
niques and concludes that they offer potential for improved rainfall rate. This allows 
for spatiotemporal near real-time information on rainfall distribution. This kind of 
data and techniques in Africa will definitely address the challenges facing climate- 
smart crop management under extreme weather events whenever they will be fully 
available. 

Additional products considered included soil moisture content below the ground 
at 0-10 cm, 10—40 cm, and 40—100 cm, soil temperatures at 0-10 cm, 10—40 cm, and 
40-100 cm, see (Fig. 7). These additional products provide information on moisture 
availability for the various crops within the agro-ecological lower midland zones IV 
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Fig. 6 Daily precipitation 
rate variation in agro- 
ecological lower midland 
zone IV and V 
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Fig. 7 Soil moisture content underground variations in agro-ecological lower midland zones IV 
and V 
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and V. This chapter makes a contribution on knowledge on increased variability in 
soil moisture content across the entire study area. This can be attributed to the verse 
variance in soil types and soil characterizes as well as canopy cover. This can also be 
related to the various changes in climatic;- soil related weather parameters. Other 
factors affecting soil moisture contents are human-induced activities that cause land 
degradation (FAO 2002). Degraded soils have very low water retention capacity 
hence low soil moisture content. The role that soil moisture content plays in crop 
development cannot be overemphasized. Every crop requires good soil moisture 
content to stimulate activities between the shoot and the root zone. Soil moisture 
contents are identified as key factor determining length of growth period which 
impact on cropping seasons and crop suitability in any agro-ecological zones. 

Kamara and Jackson (1997) states that soil moisture is a better indicator of water 
availability to the crop than rainfall amount. Improved soil moisture management 
can only take place when analysis of soil moisture content are carried out and are 
well understood. Understanding soil moisture content scenarios assist in working 
toward high water retentions in the soil which eventual reduction in soil runoff in 
some cases. In semi-arid regions, the issue of soil moisture becomes very important 
since moisture stress in crop is one of the key determinants of crop failure. In other 
studies, Pellarin et al. (2020) has shown that soil moisture content can be used to 
infer precipitation using PrISM Model. This kind of modeling is said to provide 
useful information concerning crop yield estimates and irrigation demands over 
large areas. In his research, comparison made with weather station information 
showed that there was high correlation proving the significance and the role that 
soil moisture content below ground plays in understanding shifting precipitation 
patterns. Overall soil moisture content is vital in understanding cropping season, i.e., 
low soil moisture levels are indications of declining length of growing period for 
crops. The biggest challenge identified by this chapter is existence of many soil 
moisture algorithms and products that cannot be compared to other parameters such 
as precipitation as propounded by Pellarin et al. (2020). He further indicated the need 
for analysis that can integrate other parameters such as precipitation for the proper 
validation of satellite soil moisture and also system that can determine the relation- 
ship between different soil moisture products. 


Evapotranspiration Variations 


The other parameter that this chapter observed is evapotranspiration. The monthly 
evapotranspiration earth observation reported here are for the period 1998—2014 at 
spatial resolution of 1° and recorded in Kgm ? s^! (see Fig. 8). The values indicated 
a variation in evapotranspiration across the agro-ecological lower midland zones IV 
and V area. There were no products for comparison with previous periods in order to 
understand any changes in evapotranspiration. Areas like Meru agro-ecological 
lower midland zones IV and V revealed higher evapotranspiration rates. This could 
be explained by high vegetation cover known to be in this region and high soil 
moisture content. Evapotranspiration is directly related to soil moisture content and 
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Fig. 8 Evapotranspiration 
variation in agro-ecological 
lower midland zone IV and V 


Legend 
Evapotranspiration in Kg/M-2/S-1 
*VALUE» 
mE 0 000022 -2 020035 
9 090 ze 
E—12e 24 
= 5s Evapotanspiration vanaton N 
| E 2 in Agrc-ecological zone IV and V 
[rmm] 0 00 € , Time Average Map: 1998 
REY AX 2014 at spatial resolution of 0 25 degree 
pm 3092218 360660076 GLDAS MODEL 


atmospheric moisture demand (Fischer et al. 2008). Further Fisher et al. (2008) 
shows that soil moisture is as a result of precipitation while atmospheric moisture 
emanates from radiation that is controlled by surface and atmospheric temperatures. 

Areas in Kitui and Makueni experience very low Evapotranspiration, which could 
also be due to low vegetation covers that are characteristic of these areas. These 
indicate that areas of high evapotranspiration rates are likely to have longer growing 
period. Table 1 classifies these areas and reveal that they have similar short cropping 
season as those with very low evapotranspiration rates. Evapotranspiration as shown 
by studies of Jiitzold and Kutsch (2000) shows variations in the length of growing 
periods which eventually determine the cropping seasons. In this case, the evapo- 
transpiration employed statistical methods of Penman & McCulloch with albedo for 
green grass being 0.2; McCulloch (1965). This is not to imply its inadequacy but 
rather the need for improvement. Liou and Kar (2014) confirms that evapotranspi- 
ration at a global or regional scale can be done by combining surface parameters 
obtained from remote sensing data and surface meteorological variable and vegeta- 
tion characteristics. Marshall and Funk (2014) describes evapotranspiration as an 
important component in the energy, water, and geochemical cycles that influence 
climate properties and further says that its interaction with drivers of climate change 
remain unexplored in Africa. 

A combination of a number of parameters and variables in a climate change 
scenario is likely to improve evapotranspiration analysis and interpretation. This 
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would further improve on the assessments of cropping seasons. Marshall and Funk 
(2014) in his discussion points out the usefulness of satellite imagery in representing 
important characteristics of evapotranspiration over Africa. Similar results have been 
reported by Dai (2010) who showed rising temperatures in Africa and a decreasing 
evapotranspiration as result of low precipitation and low soil moisture content. 
Satellite imagery products through available remote sensing techniques can enhance 
the availability of spatial and temporal datasets of Normalized Difference Vegetation 
Index (NDVI), Leaf Area Index (LAI), fraction of incidence sunlight that reflects, 
surface radiations, and radiometric surface temperatures that are indirectly related to 
evapotranspiration (Liou and Kar 2014). Further Henricksen (1986) present exten- 
sive report on the length of growing period model that was used that seem to work 
well in drought simulations in Africa. He pointed out the inability of the model to 
analyze moisture level below 1 month and the assumption of the model concerning 
runoff and deep percolation. 


Contribution of GIS and Remote Sensing in Agro-ecological Zone 
Evaluations 


The suitability of gridded climate indices in monitoring climatic variation is dem- 
onstrated in Donat et al. (2013) studies. The gridded climatic indices can enable near 
real-time monitoring of events as well as their placement for long-term use at both 
global and regional scales. Boitt et al. (2014) in his studies on the impact of climate 
change on agro-ecological zones and this chapter has made quite a number of 
inferences from their work regarding GIS and remote sensing. There are siginificant 
shifts in agro-ecological zones based on datasets analyzed and projections for future 
in 2050. These shifts and changes can be picked at apporoximately | km and 
significantly identified as “zone shift.” Boitt et al. (2014) further concluded that 
multivariate clustering under a GIS enviroment is a very informative tool for agro- 
ecological zone definition. Global agro-ecological zone module V is the latest model 
for defining crop suitability for various regions. This module utilizes various climate 
datasets such as number of rainy days; mean minimum, mean maximum tempera- 
ture; diurnal temperature range; cloudiness; wind speed and vapor pressure (IIASA/ 
FAO 2012). Among this climate dataset, soil parameters are accommodated exten- 
sively (IIASA/FAO 2012). Its use among African countries is still limited and 
therefore needs to be scaled for adoption to the benefit of smallholder farmer levels. 
Its adoption is generally challenged by the limited use of GIS and remote sensing 
datasets in most African countries (Rowland et al. 2007). This module could provide 
the new insights into understanding climate variability and its impact on cropping 
seasons. Its use in evaluating existing information on agro-ecological zones of lower 
midland IV and V is paramount. 

Wango et al. (2018) explore the suitability of WorldClim dataset in climate 
analysis and monitoring in the advent of climate change. All previous studies 
highlighted the role of GIS and remote in transforming the understanding of climate 
variability, thereby successfully addressing the climate change issues in Kenya and 
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Africa at large. For example, Henricksen (1986) emphasize the use of satellite 
remote sensing to capture and monitor the climate variability occurring year after 
year. Another research by Bartoszek et al. (2015), for Poland, affirms the use of 
satellite data as useful source of temporal and spatial variability of information on 
climate. FAO (2017) in the report on review of remote sensing tools, products, and 
methodologies points out, the issues that Africa is facing, when it comes to improved 
crop production forecasting. The reports highlights the improvement in technologies 
related to remote sensing and the mode of communication which are at varying 
levels of development. Further, the reports mention the problems of various institu- 
tions, especially the government, to integrate and use effectively remote sensing 
products. This in the end has affected timely crop forecasting across the continent. 
Finally, there are readily available good products of early warning system that Africa 
should take advantage of since they are free. 


Climate-Smart Crop Management 


According to Mungai (2017), smallholder farmers in the East African region are 
facing unprecedented challenges in pursuit of increased production under increased 
climate change and variability. His work further gives highlights on the dire need for 
information on possible risk and viable management strategies. Information on risk 
stem from understanding the climate variability within the agro-ecological zones 
where farming is defined as discussed in previous sections of this chapter. Nsubuga 
and Rautenbach (2018) concluded that climate variability is bound to have consid- 
erable effects in terms of food availability, especially on the agriculture depended 
populations. They further point out that climatic variations and differences will 
continue to have a significant role in the geographic distribution of crop production. 
Understanding climate variations within agro-ecological zones and their influence 
on the soil environment is key in climate-smart crop management. The parameters 
selected in this chapter present time average maps that have shown increasing 
variations over years as result of climate change. Scaling down satellite imagery 
and remote sensing technologies for use by smallholder farmer presents one possible 
solution for the reduction of the impact of climate variability on food security. 
Previous studies have presented the challenges therein while highlighting various 
solutions that can be adopted. Nsubuga and Rautenbach (2018) in their reviews 
highlighted the importance of rainfall measurements in Uganda but failed to show a 
downward trend in rainfall amount yet there has been as shift precipitation rates as 
well as end and start of seasons. We looked at some of the climate-smart crop 
management practices that have been suggested and implemented. The chapter 
underpins the importance of climatic variability evaluation at agro-ecological zone 
level scaled down to farmers needs for successful climate-smart crop management. 
Food and Agriculture Organization (FAO) focus on climate-smart crop production 
pushes for crop production and practices that enable climate change and mitigation. 
In this view, different methods have been recommended and used. One of the 
approaches that has been advocated for is cropping systems which are believed to 
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cushion farmers against climate change shocks. The other is the use of quality seeds 
and plantings adapted to the various environments. Sustainability and the resilience 
of a production system is believed to be achieved through improved crop varieties 
suited for a wide range of agro-ecosystem FAO (2013). 

Changes in temperature, precipitation, assessment of evapotranspiration charac- 
teristics and soil temperature-moisture regimes necessitate for new frontiers in the 
management of crops through introduction of adoptable technologies. Report by 
FAO (2013) on climate-smart crop production pushes for agricultural systems that 
are very efficient in terms of inputs while at the same having less variability. This 
will enable sustainability through the stability in the outputs hence more resilient in 
nature and therefore able to cushion against climate change shock and long-term 
variability. On the other hand, climate-smart intervention by smallholder farmers 
cannot be ignored (Ullah et al. 2019). Even though most of the local coping 
strategies and mechanism may be weak as earlier mentioned, they can be strength- 
ened by incorporating them in technology-based smart inventions. 

Another adaptation for climate-smart agriculture is through crop modeling that 
focuses on building early warning monitoring systems that effectively alter the 
overall management of the crop in volatile climate environment (Ullah et al. 
2019). In his studies, he highlights the use of weather data smart interventions that 
involve close monitoring of climate variability and relaying of information to 
relevant stakeholders. This is bound to improve further if implemented under an 
environment of well evaluated and monitored agro-ecological zoning. This means, 
the cropping seasons and length of growing period variations within agro-ecological 
zones will be factored in. The advent of weather data smart intervention and yield 
forecasting through crop modeling place the use of satellite imagery in products 
provision in crucial place. Weather data smart intervention cannot forget platforms of 
forecasting more frequently to the farmers. Stigter (2010) gave focus on the impor- 
tance of such advisory services in his studies. Zuma-Netshiukhwi et al. (2016) in his 
study emphasizes on the need for agro-meteorological knowledge transfer or exten- 
sion services to end-users such as farmers and other relevant stakeholders. Further, 
he discusses the need for downscaling of seasonal climate to lower resolutions that 
can address the farmers’ needs. Abura (2017) argues that there is need for meteoro- 
logical department to streamline climate advisory services to the locals so that 
livelihoods risk as result of climate change can be reduced. This can be done by 
training of agricultural extension officer who in most developing countries work 
hand in hand with the smallholder farmers. 


Conclusion 


This chapter concludes that variation within agro-ecological lower midland zones IV 
and V does exist and changes have been occurring over a long period of time. All the 
products from GIOVANNI NASA Earth data website have shown enormous varia- 
tions. Secondly, earth observation products used alongside in situ information have 
the potential of improving agro-ecological zoning and the interpretation of the 
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cropping season and crop suitability. Thirdly, climate studies that have relayed 
conclusive information on agro-ecological zones have focused more on rainfall 
with exclusion of more datasets that can provide more insight in terms of under- 
standing climatic trends and cropping systems. 

Fourthly, use of more varied datasets that focus on varied precipitation parame- 
ters, varied temperatures parameters, evapotranspiration, thermal conditions of soil, 
and soil moistures content are likely to improve on the understanding of length of 
growing period, hence enabling the adoptions of crop varieties that are climate-smart 
for particular regions. The low adoption of earth observation products and technol- 
ogies in remote sensing poses a problem in the monitoring of climate variability in 
Africa. Effective assessment of length of growing periods from climate information 
for Africa need to be strengthened and improved through adoption of earth obser- 
vation products alongside in situ surveillance. Finally, the climate-smart crop man- 
agement must be considered to cut across the various sectors and not agriculture 
alone if successful implementation is to be achieved. Agricultural systems can 
achieve climate-smart objectives through continuous monitoring of activities being 
undertaken at the agro-ecological zones level since they form very important plat- 
forms of crop productions in Kenya. This study confirms that climate-smart crop 
management under extreme weather in Kenya is unavoidable. This management will 
stem from the adoptions of technologies, strategies, and policies that focus on 
climate monitoring, evaluation of exiting agro-ecological zones, and adoption of 
agro-ecosystems that can support sustainable agriculture. In addition, future studies 
on climate change impact on marginal areas should consider focusing on further 
reclassification of agro-ecological zones in Kenya and evaluation of cropping season 
using both satellite imagery and in situ information to compensate for challenges and 
gaps experienced in previous studies. This will assist smallholders’ farmers in 
addressing the current challenges that they have as a result of climate variability. 
Soil moisture assessment and integration and its inter-comparison to other parame- 
ters still remain a challenge that needs to be addressed. 
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Abstract 


This chapter addresses the use of partial least squares-structural equation modeling 
(PLS-SEM) to determine the requirements for an effective development of water 
resource management frameworks. The authors developed a quantitative approach 
using Smart-PLS version 3 to reveal the views of different experts based on their 
experiences in water-related adaptation to climate change in the Lake Victoria Basin 
(LVB) in Uganda. A sample size of 152 was computed from a population size of 245 
across the districts of Buikwe, Jinja, Mukono, Kampala, and Wakiso. The chapter 
aimed to determine the relationship among the availability of legal, regulatory, and 
administrative frameworks, public water investment, price and demand manage- 
ment, information requirements, coordination structures, and analytical frameworks 
and how they influence the development of water resource management frame- 
works. The findings revealed that the availability of legal, regulatory, and adminis- 
trative frameworks, public water investment, price and demand management, 
information requirements, and coordination structures had significant and positive 
effects on the development of water resource management frameworks. Public water 
investment had the highest path coefficient (f — 0.387 and p — 0.000), thus 
indicating that it has the greatest influence on the development of water resource 
management frameworks. The R? value of the model was 0.714, which means that 
the five exogenous latent constructs collectively explained 71.496 of the variance in 
the development. The chapter suggests putting special emphasis on public water 
investment to achieve an effective development of water resource management 
frameworks. These findings can support the practitioners and decision makers 
engaged in water-related adaptation to climate change within the LVB and beyond. 


Keywords 


Climate change - Lake Victoria Basin : PLS-SEM - Water resource management 
frameworks 

Introduction 

Background 

There is an increasing pressure on water resources in the Lake Victoria Basin (LVB) 


due to rapid population growth, increased urbanization and industrialization, 
uncontrolled environmental degradation, and pollution (Dauglas et al. 2014; 
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Bakibinga-ibembe et al. 2011). These pressures still remain as a big challenge to the 
sustainable management of water resources (Mongi et al. 2015). Moreover, the LVB 
remains to be an important water resource for five countries, namely, Uganda, 
Kenya, Tanzania, Rwanda, and Burundi. The LVB is the largest freshwater lake in 
Africa with a surface area of 68,800 km). It provides resources for fishing, agricul- 
ture, medicine, forestry, water transport, and other economic activities (Odongtoo et 
al. 2018). Its surrounding area 1s affected by increasing commercial activities and 
inadequate provision of sanitation services, among others (Okurut 2010; Wafula 
et al. 2014). These affect the landscape and water resources around the lake, making 
the water unsuitable for use. 

According to Oyoo-Okoth et al. (2010), there is a combination of four analyzed 
heavy metals in the water samples of the LVB showing similar presence of heavy 
metal in the waters within the lake. This can be attributed to the fact that human 
activities, such as industrialization and agricultural practices, seriously contribute to 
the degradation and pollution of the environment, which adversely affect the water 
bodies, as noted by Devi et al. (2018). Increased human activities, such as poor land 
use, uncontrolled abstractions, and water pollution, greatly reduce the quantity and 
quality of the available water resources. 

Globally, water resources are facing severe degradation due to pollution and 
inefficient water resource management strategies (Wang et al. 2015). It has been 
reported that water pollution causes approximately 14,000 deaths per day, mostly 
due to drinking water contamination caused by untreated sewage in developing 
countries (Devi et al. 2018). Rinawati et al. (2013) argued that these challenges 
create potential major threats to global biodiversity around water bodies, such as the 
LVB. The above authors further observed that this is true of the biodiversity around 
LVB as noted by Case (2006). The most recent statistics show that cities and small 
towns within the LVB are rapidly growing (Dauglas et al. 2014). The best examples 
of the growth pattern of towns and cities can be observed in Mwanza in Tanzania, 
Jinja and Port Bell in Uganda, and Kisumu in Kenya. Both population growth and 
urbanization have negative impacts on the quality and quantity of water resources. 
Some of these impacts include eutrophication and siltation, in addition to water 
pollution, as a result of increased runoff from bare lands as deforestation persists 
around the LVB (Ondieki 2015). Muhweezi (2014) also noted that biodiversity and 
ecosystem-specific goods and services around the LVB are likely to be adversely 
affected in the future by water pollution. It can be inferred that these challenges 
revolve around poor management of water resources. Failure to address such 
challenges will cause serious problem to the lives of many people who depend on 
the LVB. 

Poor management of the scarce water resources can lead to climate change. 
The climate is continuously changing and is getting worse over time. Moreover, 
extreme weather conditions are occurring more frequently than before, thus 
negatively affecting the agricultural sector, consequently leading to food short- 
ages. Farmers from different age groups acknowledge an increase in tempera- 
ture, and they agree that the temperature 1s increasing with time (Mongi et al. 
2015). 
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According to Leal et al. (2015), water is one of the essential resources for 
human being, and its availability has great impacts on the environmental, polit- 
ical, and economic situations. This means that water resources have to be man- 
aged well. Water resource management is the activity of planning, developing, 
distributing, and managing the optimum use of water resources (Okurut 2010). 
Ssozi et al. (2015) defined water resource management as the development of 
political, social, economic, and administrative systems to develop and manage 
water resources. According to the technical committee of the Global Water 
Partnership, Integrated Water Resources Management (IWRM) is a process that 
promotes the coordinated development and management of water, soil, and other 
related resources to maximize the resultant economic and social welfare in an 
equitable manner without compromising the sustainability of vital ecosystem 
(ITU-T 2010). 


Analytical Framework 


Water resource management has been recently developed due to the improvement 
in water technology, natural events, economic developments, and changing social 
needs. The current trend in water management changed from technical to a 
combination of technical and sociopolitical perspectives (Demetropoulou et al. 
2010). This led to an increase in stakeholders and public participation. It is 
therefore necessary to establish a framework to guide practitioners and managers 
in water resource management. For managers and decision makers to conduct 
good analysis, it is necessary to use analytical frameworks to promote logical 
thinking in a systematic manner. 


Adaptation and ICT Frameworks 


According to Akoh et al. (2011), the frameworks of Information and Communication 
Technology (ICTs) in mitigating climate change and adaptation are still relatively 
new. Frameworks on adaptation to climate change can be considered in three ways: 
first, to emphasize the potential of ICTs to reduce vulnerability to climate change by 
building resilience; second, to focus on delivering different types of information 
needed to achieve effective climate change adaptation; and third, to emphasize a 
disaster risk management framework focusing on the reduction of community 
vulnerabilities and management and recovery from emergencies as they arise. 
According to the 1992 Dublin Conference on water and the Rio de Janeiro 
Summit on sustainable development (White 2013), the four key principles adopted 
were as follows: first, freshwater is a finite and vulnerable resource essential to life, 
development of irrigation, industrial and transport sector, and the environment; 
second, water development and management should be based on a participatory 
approach, involving users, planners, and policy makers at all levels; three, women 
play a central part in the provision, management, and safeguarding of water; and 
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fourth, water has an economic value in all its competing uses and should be 
recognized as an economic good. 


Objective 


The objective of this chapter was to apply a PLS-SEM to evaluate the requirements 
for the development of water resource management framework in water-related 
adaptation to climate change in Uganda’s side of the LVB. 


Methods 


In evaluating the requirements for the development of water resource management 
framework in water-related adaptation to climate change, PLS-SEM was used. The 
proposed model was analyzed in two different stages: first, the model was composed 
of measurement models that define the relationship between latent indicators and 
their manifest variables, and second, a structural model showing the relationship 
between the manifest variables. A total of 24 factors which were obtained from the 
literature review were named as the observed variables and were divided into six 
groups: availability of legal, regulatory, and administrative frameworks, analytical 
framework, public water investment, information requirements, coordination struc- 
tures, and pricing and demand management. These six groups were called exoge- 
nous latent constructs. Thus, an effective water resource management framework is 
influenced by the six major constructs. 


Study Hypotheses 


Based on the objectives of the research, the hypothesized model was developed. 
Quantitative data to test the hypothesis was collected from experts in water 
resource sectors and was subjected to Smart-PLS test. Some of the hypotheses 
passed the test and were therefore accepted, whereas the others that failed the test 
were rejected. Hypothesis 1 (H1): Availability of legal, regulatory, and adminis- 
trative frameworks has a significant and positive effect on the development of 
water resource management frameworks. Hypothesis 2 (H2): Analytical frame- 
work has a significant and positive effect on the development of water resource 
management frameworks. Hypothesis 3 (H3): Public water investment has a 
significant and positive effect on the development of water resource management 
frameworks. Hypothesis 4 (H4): Information requirements has a significant and 
positive effect on the development of water resource management frameworks. 
Hypothesis 5 (H5): Coordination structures has a significant and positive effect on 
the development of water resource management frameworks. Hypothesis 6 (H6): 
Pricing and demand management has a significant and positive effect on the 
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development of water resource management frameworks. This hypothesis design 
was adapted from Shahid et al. (2018). 


Data Collection 


The data collection procedures involved three important phases. In the first phase, 
preliminary variables were obtained to formulate hypotheses using the materials in 
the review of literature, such as books, journals, and conference materials. In phase 
two, a pilot study was conducted to ensure consistency and completeness to help 
modify the questionnaire. Lastly, the questionnaire survey was conducted to obtain 
the opinion of the respondents. This study procedure was adapted from Shahid et al. 
(2018). Data collection was performed in the Buikwe, Jinja, Mukono, Kampala, and 
Wakiso districts in Uganda. The above districts were chosen based on the fact that 
those areas heavily depend on the LVB and at the same time were immensely 
affected by the decline in water resources. The key stakeholders that were engaged 
in this chapter included employees from the LVB Commission, the LV Fishery 
Organization, District Environmental Officers, District Forestry Officers, NEMA, 
Ministry of Water and Environment, National and Regional Policymaking and 
Communication Organs, and key community leaders. To calculate the sample size, 
Slovin’s formula was used, n = i where n denotes the sample size, N denotes 
the population size, and e denotes the error margin. The population size of 245 was 
used with a confidence interval of 95% and error margin of 5%, generating a sample 
size of 152. 

The questionnaire was composed of two sections. Section one consisted of the 
respondents’ personal information. Section two consisted of variables appropriately 
grouped into six categories based on the nature of the measurements/constructs: 
availability of legal, regulatory, and administrative frameworks (LRA), analytical 
frameworks (AF), public water investment (PW), information requirements (IR), 
coordination structures (CS), and pricing and demand management. The question- 
naires were administered to different stakeholders with an experience of more than 
5 years in the water resource sector, such as executives, managers, water engineers, 
and IT officers. During the 4 months of study, valuable opinions from experts were 
obtained and incorporated in the model. 


Data Analysis 


The hypothesized structural model was analyzed using Smart-PLS version 3. Smart- 
PLS has advantages over other regression-based methods: First, it is capable of 
evaluating several latent constructs with various manifest variables and is considered 
as the best technique for multivariate analysis (Shahid et al. 2018). Second, it is 
suitable for evaluating the constructs when the sample size is less than 200 in 
comparison with other SEM software, such as AMOS, which require a sample size 
of more than 200. In this specific chapter, the sample size was 152 and therefore 
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justifies the use of Smart-PLS. Smart-PLS involves a two-step procedure, namely, 
evaluation of the outer measurement model and evaluation of the inner structural 
model (Henseler et al. 2009). 


Results and Discussion 


Respondents’ Profile 


Table 1 shows the demographic information of the respondents. The respondents 
were selected from a wide range of professionals engaged in the water resource 
sector. About 61.8% of the interviewed experts were male. Majority of the 
interviewed individuals were in the middle age group (30-39 years) (34.9%), 
followed by the young age group (20-29 years) (31.6%), (40-49) years were 
23.7%. Those aged 50 years and above only accounted for 9.9% of the total 
population. This research is part of a bigger study conducted to develop a water 
resource management ICT model in the LVB. 


Table 1 Demographic 
information 


Response item Count Percent 
Gender Distribution 

Female 58 382 
Male 94 61.8 
Total 152 100.0 
Age Group 

20—29 years 48 31.6 
30—39 years 53 34.9 
40—49 years 36 23.7 
50—59 years 14 9.2 
Above 59 years 1 0.7 
Total 152 100.0 
Qualification 

PhD 4 2.6 
Masters 68 44.7 
Bachelors 67 44.1 
Diploma 13 8.6 
Total 152 100.0 
Designation 

Manager/Administrator 33 21.7 
Staff/Employee 100 65.8 
Systems Administrator 8 53 
Client/Customer 1 0.7 
Total 152 100.0 
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Demographic Information of the Respondents 


In Table 1, the highest percentage (44.7%) of the respondents have acquired master’s 
degree, followed by bachelor’s degree (44.1%), diploma (8.6%), and PhD (2.6%). 
The highest category of workers (65.8%) was staff/employee, followed by man- 
agers/administrators (21.7%), system administrators (5.3%), and ICT technicians 
(6.6%). 

The level of education, the designation, the age, and the sex have significant 
effects on the perception of a person with regard to information. Older people tend to 
have more experiences, whereas highly educated ones display more in-depth knowl- 
edge on the subject matter of research. A low level of education has an impact on the 
use and adoption of technologies. The designation status 1s related more to the skills 
in the management of water resources. This promoted trust on the outcome of this 
study. 


Evaluation of Outer Measurement Model 


Outer Loading 

In order to determine whether what was hypothesized was in line with the collected 
data, PLS-SEM was employed. PLS-SEM is very suitable for theory building and for 
examining the complex relationship of the models. The outer measurement model 
was used to calculate the reliability, internal consistency, and validity of the observed 
variables together with the unobserved variables (Gabriel et al. 2016). Consistency 
evaluations were based on a single observed and construct reliability tests, whereas 
convergent validity and discriminant validity were used for validity assessment. The 
observed variables with an outer loading of at least 0.7 are acceptable and should 
therefore be retained, whereas those with values less than 0.7 should be dropped 
(Shahid et al. 2018; Smith et al. 2014). From Table 2, the outer loadings of the 
retained variables ranged between 0.819 and 0.917 which are more than 0.7 and 


Table 2 Construct reliability and validity 


Outer T- 

Main constructs Item loading statistics | CR AVE 

Availability of legal, regulatory, and LRA2 0.799 12.766 0.812 | 0.683 

administrative Frameworks LR3 0.853 16.156 

Coordination structures CS2 0.773 10.034 0.839 | 0.724 
CS4 | 0.922 40.008 

Information requirements IRI 0.890 34.942 0.886 | 0.796 
IR2 43.681 43.681 

Public water investments PWII 13.500 13.5 0.742 | 0.591 
PWI3 9.463 9.463 

Price and demand managements PDM2 | 14.359 14.359 0.810 | 0.681 


PDM3 | 19.859 19.859 
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therefore valid. The variables, namely, collection and allocation, reuse of waste 
water, and water resource management, were dropped since their outer loading 
were below 0.7. Composite reliability (CR) was used for internal consistency 
evaluation in the construct reliability. 


Average Variance (AVE) 

To establish convergent validity on the construct, average variance extracted (AVE) 
is normally used. It is the grand mean value of the squared loadings of the indicators 
associated with the construct and is the sum of the squared loadings divided by the 
number of indicators. An AVE value of at least 0.50 shows that the construct 
explains more than half of the variance of its indicators (Hair et al. 2011). As 
shown in Table 2, the AVE values are greater than 0.5; therefore, both their 
convergent validity and internal validity are acceptable for this measurement 
model. In Table 3, the cross-loading of all observed variables are greater than the 
inter-correlations of other constructs in the model. The Fornell—Larcker criterion is a 
very good approach for assessing discriminant validity. It compares the square root 
of the AVE values with the latent variable correlations. The square root of each 
construct’s AVE should be greater than its highest correlation with any other 
construct (Shahid et al. 2018). Therefore, these findings confirmed the cross-loading 
assessment standards which provided acceptable validation for the discriminant 
validity of the measurement model. 

Using the t-test approach, some of the items that measure each construct were 
either retained or dropped, depending on whether the t-values are more or less than 
2.76. The t-values must be greater than 2.76 for it to be retained as a measure for the 
variable (Hair et al. 2013; Shadfar and Malekmohammadi 2013). In Table 2, all the t- 
values of the retained items in measuring each construct are greater than 2.76. 


Table 3 Discriminant validity for water resource management frameworks 


LRA CS IR PDM |PDM 


Availability of legal, regulatory, and administrative | 0.827 
frameworks (LRA) 


Coordination structures (CS) 0.615 | 0.851 

Information requirements(IR) 0.092 0.135 | 0.892 

Price and demand management (PDM) 0.532 | 0.575 | 0.072 | 0.825 

Public water investment (PWI) 0.029 | 0.067 | 0.308 | 0.054 | 0.769 


Table 4 Path coefficient 


Hypothesized path Standardized f P-values 
Availability of legal, regulatory, and administrative frameworks 0.244 | 0.000 
Coordination structures (CS) 0.206 0.001 
Information requirements(IR) 0.335 0.000 
Price and demand management (PDM) 0.211 0.000 


Public water investment (PWT) 0.387 0.000 
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Estimation of Path Coefficients (b) and P-values 

The significance of the hypotheses was tested by calculating the beta (8) values. The 
£ values indicate the measure of the effect the variable has on the model. The higher 
the values, the stronger the effect, and it is always «1. As shown in Table 4, both the 
p and p values of every path in the hypothesized model were calculated. 

In (H1), researchers hypothesized that availability of legal, regulatory, and admin- 
istrative frameworks would significantly and positively influence the development of 
water resource management frameworks. The findings in Table 4 and Fig. 1 confirm 
that Availability of Legal, Regulatory, and Administrative Frameworks of water-related 
factor significantly influenced the development of water resource management frame- 
works (f) = 0.244, p < 0.000). Hence, H1 was excellently confirmed. Furthermore, the 
findings from Table 4 and Fig. 1 hypothesized that the (H3) public water investment- 
related factor positively influenced the development of water resource management 
frameworks (8 = 0.387, p < 0.000), showing that (H3) was effectively approved. 
Information requirements (IR) significantly and positively influenced the development 
of water resource management frameworks (f — 0.335, p « 0.000). Coordination 
structure (CS)-related factor was positive and significant (f — 0.206, p « 0.001), thus 
greatly supporting. The effect of price and demand management-related factor 
(B — 0.211 p « 0.000) was also confirmed, thereby supporting (H6). The greater the 
P coefficient, the stronger the effect of an exogenous latent construct on the endogenous 
latent construct. Analytical frameworks were dropped from the list because they failed 
both the t-test and the outer loading test. 
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The R? value of the model was 0.714, which means that the five exogenous latent 
constructs collectively explained 71.4% of the variance in the development of water 
resource management frameworks. The study suggests putting special emphasis on 
the public water investment factor to achieve an effective development of water 
resource management frameworks. These findings can support the practitioners and 
decision makers engaged in water-related adaptation to climate change within the 
LVB and beyond. 


Limitation of the Study 

The limitation and constraint of the chapter came from the fact that it was not 
possible to visit all the countries of the East African Community due to logistical 
constraints. This will be part of the future works when the current logistical con- 
straints are solved. 


Business Benefit 


In accordance with the complete analysis of the measurement models and structural 
model, some of the hypotheses were statistically significant and hence were 
accepted, whereas the others failed the analysis. The results of this chapter support 
a richer and accurate picture of the factors influencing the development of effective 
water resource management frameworks. It is therefore important to consider the 
availability of legal, regulatory, and administrative frameworks, coordination struc- 
tures, information requirements, price and demand management, and public water 
investment factors in the development of effective water resource management 
frameworks. The information obtained from this chapter will also enrich the body 
of knowledge that will benefit other researchers in the field of water resource 
management. 


Conclusion, Recommendation, and Future Research 
Conclusion 


The key contribution of this chapter was the empirical identification of the constructs 
that can influence the development of effective water resource management frame- 
works and also the investigation of the fundamental issues affecting the constructs 
observed by water experts in the LVB. The results of the chapter revealed that 
availability of legal, regulatory, and administrative frameworks, coordination struc- 
tures, information requirements, price and demand management, and public water 
investment had significant positive effects on the development of water resource 
management frameworks. This therefore suggests that emphasis should be put on the 
above variables. The final results of the partial least squares—structural equation 
modeling revealed that public water investment had the highest path coefficient 
(B = 0.387), thus indicating a major influence on the water resource management 
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frameworks. Therefore, water resource managers should pay more attention to 
public water investment factors during the development of water resource manage- 
ment frameworks. 


Recommendation 


This chapter recommends that for a successful development of water resource 
management frameworks, emphasis should be put on availability of legal, regula- 
tory, and administrative frameworks, coordination structures, information require- 
ments, price and demand management, and public water investment. Since public 
water investment had the highest path coefficient (6 = 0.387) with a major overall 
influence on the development of water resource management frameworks, more 
emphasis should be put on it. 


Lesson Learned and Future Studies 


This chapter revealed that majority of the people engaged in different activities 
around the LVB are unaware of the dangers posed by their economic activities. 
Moreover, the local leaders lack effective and efficient means of disseminating and 
sharing information on the LVB and the impact of human activities on ecosystems, 
biodiversity, and water resources. 


Future Studies 


The areas for further research may focus on the study of how effective water resource 
management frameworks influence the design of an effective water resource man- 
agement ICT model for an integrated water resource management of the LVB . 
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Abstract 


Valuation studies have shown that drought occurrences have more severe eco- 
nomic impact compared to other natural disasters such as floods. In Kenya, 
drought has presented complex negative effects on farming communities. The 
main objective of this chapter is to analyze the economic impacts of drought and 


This chapter was previously published non-open access with exclusive rights reserved by the 
Publisher. It has been changed retrospectively to open access under a CC BY 4.0 license and the 
copyright holder is “The Author(s)". For further details, please see the license information at the end 
of the chapter. 


M. Nthambi (4) 
Department of Environmental Economics, Brandenburg University of Technology Cottbus- 
Senftenberg, Cottbus, Germany 


U. D. Tjioma 

Department of Raw Material and Natural Resource Management, Brandenburg University of 
Technology Cottbus-Senftenberg, Cottbus, Germany 

e-mail: ijiomuch@b-tu.de; u.d_ijioma@yahoo.com 


© The Author(s) 2021 1007 
W. Leal Filho et al. (eds.), African Handbook of Climate Change Adaptation, 
https://doi.org/10.1007/978-3-030-45106-6 66 


1008 M. Nthambi and U. D. ljioma 


identify appropriate climate change adaptation measures in Kenya. To achieve 
this objective, an empirical approach, combined with secondary data mined from 
World Bank Climate Knowledge Portal and FAOSTAT databases, has been used 
in three main steps. First, historical links between population size and land 
degradation, temperature and rainfall changes with drought events were 
established. Second, economic impacts of drought on selected economic indica- 
tors such as quantities of staple food crop, average food value production, number 
of undernourished people, gross domestic product, agriculture value added 
growth, and renewable water resources per annum in Kenya were evaluated. 
Third, different climate change adaptation measures among farmers in Makueni 
county were identified using focused group discussions and in-depth interviews, 
for which the use of bottom-up approach was used to elicit responses. Findings 
from the binary logistic regression model show a statistical relationship between 
drought events and a selected set of economic indicators. More specifically, 
drought events have led to increased use of pesticides, reduced access to credit 
for agriculture and the annual growth of gross domestic product. One of the main 
recommendations of this chapter is to involve farmers in designing and 
implementing community-based climate change adaptation measures, with sup- 
port from other relevant stakeholders. 


Keywords 


Drought * Agriculture sector - Logistic regression - Climate adaptation : Kenya 


Introduction 


The agriculture sector in sub-Saharan Africa accounts for about 3096 of the gross 
domestic product (GDP) and 40% exports in the region (Calzadilla et al. 2013). 
The sector is characterized by rainfed extensive crop and pastoral systems with 
low yields below potential (Amjath-Babu et al. 2016). The overreliance on rainfed 
systems has made the region prone to impacts of increasing temperatures, declin- 
ing precipitation, changes in surface water run-off, and increased carbon dioxide 
(CO2) (World Bank 2008). Low precipitation and high temperatures have reduced 
surface moisture content and increased evapotranspiration rates respectively 
causing soil degradation. Frequent weather-related disasters such as floods, 
droughts, tropical cyclones, and landslides have led to deaths and loss of liveli- 
hoods (Lumbroso 2017). 

Drought is one of the most recurring climate change disasters for countries on the 
horn of Africa. This extreme weather event has occurred due to lack or inadequate 
precipitation leading to water shortage for plants, human, and animal consumption 
(Muller 2014; Maity et al. 2016). Its occurrence has been associated with global 
climate change, as there exist scientific evidence associating increased human 
activities with global climate change shocks such as floods and droughts (IPCC 
2007). There are four types of droughts: meteorological (shortage in rainfall), 
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hydrological (insufficient water in rivers and reservoirs), agricultural (inadequate 
soil moisture), and socioeconomic droughts (Maity et al. 2016). 

In sub-Saharan Africa, droughts are common and their economic impacts in 
general have not been adequately studied. The reason behind this could be the 
complex nature of drought as it presents complex effects to lives on earth (Wang 
et al. 2014). Drought accounts for about 596 of the natural disasters but the losses that 
it causes account for about 30% of what is caused by other natural disasters (Wang et 
al. 2014). It aggravates water scarcity problem by affecting both surface and 
groundwater resources leading to reduced water supply, quality, and disruption of 
wetlands (Mishra and Singh 2011). When it persists for months or years, it causes 
conflicts between pastoral communities due to competition for the diminishing water 
and pasture resources (Uexkull 2014; Martin et al. 2016). 

To demonstrate the economic impacts of drought, this chapter follows the frame- 
work by Freire-González et al. (2017). The authors establish many pathways and the 
drivers that contribute to the economic impacts of drought, which they classify into 
two categories: primary and secondary. The primary impacts of drought are those that 
affect economic agents such as industries, households, government, and the environ- 
ment, while the secondary impacts lead to fires, desertification, and migration of 
people, as well as animals (Freire-González et al. 2017). Further, drought affects 
tangible assets such as land and vegetation cover differently from other natural 
disasters such as earthquakes, storms, or floods that affect buildings, machines, and 
other assets. In the long term, drought leads to soil degradation, damages to buildings 
due to soil sagging, as well as the ecosystems due to excessive groundwater abstrac- 
tions without enough rainfall to replenish it (Freire-González et al. 2017). Drought 
leads to an increase in temperature causing excessive loss of water through evapo- 
transpiration thus reducing water availability and quality. People are affected differ- 
ently by drought depending on their geographical location (Freire-González 
et al. 2017). For example, the impact of drought on people in developing countries 
is more pronounced due to limited financial capacity to cope with effects such as 
malnutrition, starvation, increased pests and disease vectors such as malaria and 
dengue fever-causing mosquitoes (Freire-González et al. 2017), economic burden, 
and in extreme cases, death. Freire-González et al. (2017) framework focuses on how 
water scarcity caused by drought affects the households and the environment (Fig. 1). 

It is important to focus on drought because it exacerbates the water scarcity 
situation, coupled with the fact that Africa is one of the driest continents in the 
world (Mishra 2014). Drought severely affects the water sector in many parts of 
SSA region, and the impact of the drought on the sector negatively affects the 
economy. 

Some of the effects of drought on the agricultural productivity are also tabulated 
(Table 1), and the resulting socioeconomic impacts. The analysis gives a broad 
picture of the effects of drought on the agricultural productivity and the social 
aspects of the farmers. In some regions of America, the costs relating the effects of 
drought on the crop and livestock sectors among households have been quantified. 
For instance, Craft et al. (2017) carried out a study in Kentucky, USA, and reported 
a reduction in livestocks and hay produced, estimated at a cost of $143.4 due to 
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Fig. 1 Impacts of water scarcity caused by drought on households and environment (Adapted from 
Freire-González et al. 2017) 


Table 1 Impacts of drought on agricultural productivity and resulting socioeconomic impacts 


Description Impacts on productivity Socio-economic effects 

Cropping systems | Shift planting and harvesting dates High market food prices 
Partial or total crop failure | Starvation and malnutrition 
Decreased crop yields Decrease in farmers' income 

Livestock Decrease in forage from grasslands Conflicts over pasture 
Increased livestock deaths Decrease in household income 


Decrease in the quality of meat and milk | From livestock sales 


Soil properties and | Insufficient soil moisture for plant Loss of vegetation cover 
soil health growth 
Death of soil micro-organisms Desertification 
Hydrological Reduced water levels in rivers and Increase in water prices 
cycle reservoirs or no water at all 
Water scarcity Conflict over scarce water and 


pasture resources 


water shortage caused by drought. However, the quantitative analysis of the 
impacts of drought on livestock and crop production in SSA has not yet been 
estimated due to paucity of available data and research capacity. In the context of 
SSA, a general qualitative analysis based on previous studies such as Wang et al. 
(2014), Kusangaya et al. (2014), and Adams et al. (1998) is used in this chapter to 
draw a close context. 


Climate Change Adaptation Measures in the Agriculture Sector of 
Sub-Saharan Africa 


Climate change adaptation is one of the coping strategies supported by the United 
Nations Framework Convention on Climate Change (UNFCCC) to help develop- 
ing countries, to reduce the negative effects of climate change (UNFCC 2015; 
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Deressa et al. 2009). Countries in sub-Saharan Africa express their adaptation 
needs in a policy document known as the Intended Nationally Determined Con- 
tributions (INDCs) (UNFCC 2015). The implementation of the INDCs is 
supported by several stakeholders such as government institutions, non- 
governmental organizations (NGOs), donor organizations, the World Bank, and 
the United Nations Environmental Programs involved in environment and climate 
change adaptation implementation in SSA region. These organizations have so far 
supported adaptation strategies in the agriculture sector such as small-scale irriga- 
tion of crop in areas where rains have failed, crop and livestock diversification, 
changes in planting dates, use of soil and water conservation techniques, namely 
terracing, mulching, and organic manure application (Nthambi et al. 2021; Bryan 
et al. 2013; Calzadilla et al. 2013; Francisco et al. 2010). Previous research has 
treated climate change adaptation measures in agriculture as a private good 
because this only involves individual farmers’ adapting to the situation to reduce 
the local impacts of climate change (Lavoro 2010; Hasson et al. 2010). The 
effectiveness of these adaptation measures depends on the amount of resources 
available to support the adaptation process. Adaptation measures can, however, be 
categorized into two classes: autonomous and anticipatory (public). Autonomous 
adaptation measures are adjustments to respond to climate variability such as 
(rainfall) by individual farmers. This could be adopting suitable cropping types, 
changes in planting dates, and investment in irrigation technologies among other 
strategies (Calzadilla et al. 2013). 

Anticipatory (public) adaptation is a planned measure to respond to climate 
change which is based on a public policy characterized by acceptability, flexibility, 
and net benefits (Dinar et al. 2008, c.f. Calzadilla et al. 2013). There are already 
existing studies from different countries in SSA region that have suggested auton- 
omous adaptation measures (Alemayehu and Bewket (2017); Gebrehiwot and van 
der Veen (2013); Tessema et al. (2013); Deressa et al. (2011); Amdu (2010)). 
However, there are limited studies that have sought to address the anticipatory 
(public) climate change adaptation approach from both a scientific and public policy 
perspective. 


Methodology 
Study Area 


Kenya is one of the SSA countries in the East African region. It covers an area of 
581,309 km’, which consists of 98.1% land and 1.9% water mass (GoK 2010). The 
agro-ecological zone distribution map of Kenya is shown in Fig. 2a, and this map 
identifies four main climate zones including humid, subhumid, semi-arid, and arid 
regions within the administrative map of Kenya. About 82% of the land mass 
represents arid and semi-arid areas (ASALs) (Kabubo-Mariara 2009; Rosenzweig 
et al. 2004), which are naturally prone to drought events. In Kenya, most 
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Fig. 3 Total and rural population (1000 inhabitants) between 1988 and 2017 in Kenya (Data 
source: FAOSTAT 2017) 


households found in the ASAL region have limited financial capability to respond 
to weather shocks such as the severe drought events (Ng'ang'a et al. 2016). 

One of the counties in the ASALs region of Kenya in focus is Makueni 
County. It 1s situated in the eastern part of Kenya and lies between Latitudes 
1? 35' and 3? 00" South and Longitudes 37? 10' E and 38? 30' E. It covers an area 
of 8034.7 km? (GoK 2013) I has four sub-counties (Fig. 2b). Households in 
Makueni County hold a base area of 1.58 hectares which is more in comparison 
to the national household land holding size of 0.97 hectares. The area experi- 
ences a bimodal rainfall pattern of between 300 mm and 1200 mm/annum (GoK 
2013). The County's average temperature ranges between 20.2 °C and 35.8 °C 
(SACRED AFRICA 2011). It is prone to frequent droughts which are caused by 
inadequate rainfall leading to loss of fodder and food crop productivity. The 
drought events affect crop farming in the lower areas of the County making the 
communities living there to take a shift from crop production to animal produc- 
tion (GoK 2013). 

One of the main drivers of climate change in Kenya is land degradation resulting 
from unsustainable land use practices due to a growing population. Land degradation 
occurs mainly due to the excessive conversion of woodlands into agricultural and 
settlement areas to cater for the increasing demand for food and shelter among 
households (Shadeed and Lange 2010). The estimated population in Kenya is 
approximately 46 million people out of which 34 million people live in rural areas 
(FAOSTAT 2017). Since the late 1980s, there has been an increasing population 
trend in the rural areas and the total number of inhabitants in Kenya (Fig. 3). The 
increase in rural population (Fig. 3) means an increasing dependence on agricultural 
activities to sustain the daily livelihood of the rural populace. 
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Muriuki et al. (2011) argue that the population growth in Kenya over the years has 
led to the massive movement of people from humid and sub-humid areas to arid and 
semi-arid areas. Resulting land degradation from these migrations has partly con- 
tributed to increased temperature and drought frequencies in Kenya since has 
potential to cause an interruption to the hydrological and ecosystem cycles. 


Methods 


The selected data mined from databases of the World Bank and the UN FAO 
websites to evaluate the impact of drought consisted of climate indicators (temper- 
ature and rainfall values), population size, average food value, number of under- 
nourished persons, renewable water resources, agriculture value added annual 
percentage growth, pesticide use, producer prices (US dollars), credit to agriculture 
(US dollars), and annual % growth of GDP for a period of over 20 years. The time 
series trend analyses of rainfall, temperature, population size, average food value, 
number of undernourished persons, renewable water resources, and agriculture value 
added annual percentage growth were done. Logistic regression model of the 
economic indicators (pesticide use, producer prices (US dollars), credit to agriculture 
(US dollars), and annual percentage growth of GDP) datasets were implemented in 
STATA to demonstrate the relationship between drought events and the selected 
variables. A binary coding approach was adopted to separate the years when drought 
events occurred which were coded as 1 and 0 otherwise. The binary logit model 
estimates the relationship between drought and several other independent variables. 
The model is applied to variables which are within (0...1) and (—oo...oo) and 
is expressed in eqs. 1, 2 and 3 as specified in Bera et al. (2020). 


c = Po + Byxk (1) 


c = log,| — logit(P) (2) 


P 
T-P! 
where P represents the probability of a drought event causing an impact to the 
agriculture sector. c represents the logit(P) and it is related to the independent 
variables. fy denotes the constant value, f; represents the coeficient estimates for 
the x factors. x; represents selected indicators that explain the dependent variable. In 
terms of the probability that drought events influence the independent variables, the 
model can be formulated as follows: 


(0 exp(fo + Bet) 
P= UC expo + Ep) (3) 


To demonstrate the willingness of smallholder farmers to be involved in an 
appropriate anticipatory climate change adaptation strategy, focused group discus- 
sions were conducted among three population groups in Makueni County. The 
population consisted of farmer groups, NGOs dealing with agriculture and 
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environmental issues in each of the agro-ecological zones, and government institu- 
tions charged with the responsibility of food security and environmental protection. 
The selection of these three populations was guided by the Agricultural Sector 
Development Strategy (ASDS) 2009-2020. Six focused group discussions were 
conducted with six registered farmer groups (a total of 190 farmers; 60 males and 
130 females) between February and March 2015. The semi-structured interviews 
consisted of 17 key informants from the NGOs and government institutions which 
were used to supplement the information obtained from the smallholder farmers in 
the focus group discussions. In both cases, farmers and officials of NGOs and 
government institutions were asked to identify different adaptation measures based 
on the status quo then. 


Results and Discussion 
Drought Identification and Historical Trend Analysis 


Drought Episodes 

The meteorological drought is responsible for hydrological and agricultural droughts 
types in Kenya. However, a successful integrated water resources management can 
help prevent the socioeconomic drought caused by the two droughts types. The 
socioeconomic drought is driven by factors of demand and supply of crop and 
livestock products (AMS 1997). The meteorological drought events in Kenya 
recorded were experienced between 1991—2, 1992-3, 1995-6, 1998—2000, 2004, 
2006, 2008—9 (Ochieng et al. 2016), 2010-11, 2014—15, and 2016-17 (Reliefweb 
2017). These episodes affected the agriculture sector and posed a risk on the food 
production systems. They caused an imbalance in the production and consumption 
patterns, which are very important components of food security (Kogan et al. 2013; 
Li et al. 2009; Tubiello et al. 2007). Previous studies in Kenya show that the 
agriculture sector is adversely affected by drought events leading to water scarcity, 
food insecurity, and conflict among pastoral communities (Muriuki et al. 2011). In 
some cases, people, livestock, and wildlife have lost their lives through starvation 
(Ombis 2013). The most recent instances occurred on February 10, 2017, and the 
government of Kenya responded by declaring drought a national disaster. This is 
because 2.7 million people faced the risk of starvation and about 23 out of a total of 
its 47 Counties were alarm areas, requiring urgent food and water aid (Reliefweb 
2017). The declaration simply means high opportunity costs of other sectoral 
developments would be lost in pursuing food and cash transfers to the affected 
people in areas such as the Southeast, coastal lowlands, and the northern parts of the 
country. Although these impacts of drought are real in Kenya, there are limited 
scientific documentation to evaluate the impact of drought due to paucity of data. 
Moreso, there is limited literature which have studied the frequent droughts and 
linked them to the historical changes in the rainfall and temperature trends in the 
area. 
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Rainfall Trends 

Over the past decades, scientists have carried out studies demonstrating how rainfall 
variability and increase in temperature have affected the agriculture sector and/or 
have a likelihood of causing catastrophes in the future. In East Africa, the annual 
rainfall amounts have declined considerably since the 1990s thus marking the region 
with frequent severe droughts between 2004—2005, 2009—2011 (Bloszies and 
Forman 2015) and 2014-2017 (Reliefweb 2017). The severe droughts have caused 
failures in rainfed crop production systems leading to food insecurity, famine, and 
political instability in most parts of northern Kenya, and other countries on the horn 
of Africa such as Ethiopia, southern Sudan (Bloszies and Forman 2015), and 
Somalia. Kenya has two main rainy seasons between January to May and October 
to December and a dry season from June to August. However, since the 1960s the 
amounts of rainfall received have reduced and are expected to reduce in the coming 
years. Trend analysis of data from World Bank (2017) database demonstrates a 
declining trend of precipitation and a high variability of rainfall characterized by 
extreme highs and lows over the past 55 years (Fig. 4). 

A Kolmogorov-Smirnov (K-S) on the rainfall data from 1961 to 2016 indicates a 
normal distribution of rainfall. However, a Mann-Kendall (MK) statistic test at 9596 
and 99% indicate significant annual and seasonal variations of rainfall. The changes 
in seasonal and annual variations represent a reducing rainfall trend (Fig. 4). The 
trendline in the illustration indicates decreasing rainfall trend (see blue dotted linear) 
over time. A further decline may be expected 1f the diagram does not take into 
account the years of El Nifio/Southern Oscillation (ENSO) rains which represent a 
climate change shock. For instance, the El Nifio rains caused massive flooding and 
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Fig. 4 Total annual rainfall in mm between 1961 and 2014 in Kenya (Data source: World Bank 
2017) 
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mudslides in 1998 (Bloszies and Forman 2015). The severe floods in 1998 caused 
deaths, extensive damage to infrastructure leaving many households isolated and 
displaced (FAO 1998). If the years of El Nifio rains are excluded from Fig. 4, the 
rainfall trend would probably be expected to decrease further. 


Temperature Trends 
Since the 1960s the mean annual temperature in Kenya has increased by 1.0 °C at a 
mean rate 0.21 °C per decade. The increase is higher between March and May 
(0.29 °C) and low between June and September (0.19 °C) per decade (World Bank 
2017). In the last 55 years, trend analysis of temperature data from the World Bank 
(2017) has increased by 1.1 ?C. The increase in temperature affect the agriculture 
sector as the soil organic matter is depleted leading to degradation (Kirschbaum 1995). 
Soil degradation affects crop growth, and causes poor production yield. This is 
because there is a high correlation between soil organic carbon pool and climate 
(Kirschbaum 1995). The increase in temperature leads to an increase in humidity in 
the atmosphere due to high evapotranspiration rates (Tian and Yang 2017). The 
analysis of the temperature time series of Kenya is illustrated in Fig. 5. The result of 
the trend in the temperature changes is expected to increase further as shown by the 
trend (blue dotted linear line) line. The temperature increase in Kenya explains the 
local warming and drying of the country which has manifested in the form of frequent 
severe drought events since the 1990s. 

Global warming has been associated with increased drought frequencies over the 
last five decades in Kenya. Yin et al. (2014) argue that the dry to very dry areas have 
doubled in the world due to effect of rising temperature. In Kenya, it is evident that 
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Fig. 5 Mean annual temperature between 1961 and 2014 in Kenya (Data source: World Bank 
2017) 
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the temperature increase has led to further drying in many parts of the arid and semi- 
arid region, for example, in the south-east, coastal areas, and northern parts of the 
country. This has increased the cases of land-related conflicts, as viable agricultural 
crop lands encroach into meadows meant for animals of pastoralists who graze in 
these areas (Reliefweb 2017). 


Evaluation of Economic Impacts of Drought on the Agriculture Sector 
in Kenya 


Impact of Drought on Maize Production 

The impact of the global climate change has been linked to the negative effects of 
economies, governance structures, and communities (Linke et al. 2015). There- 
fore, many developing economies and poor communities that depend on the agri- 
cultural produce can be badly affected due to the change. For instance, maize is one 
of the staple food crop in Kenya and contributes significantly toward food security 
(MALF 2017). The dwindling trend in its production since the 1990s can be 
attributed to severe droughts, especially during periods of drought episodes. 
To illustrate this, the trend in the annual percent change of maize yields 
corresponding to periods of drought between 1991 and 2014 declined (blue dotted 
trend line) (Fig. 6). The annual percentage changes in maize production were 
positive for the years when the drought events of 1991, 1993, 1998, 2008, and 
2011 occurred. They became negative in 1992, 1995, 2004, 2010, and 2014 and 
zero for drought event of 1996. 
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Fig. 6 Annual percentage change in maize production between 1991 and 2014 in Kenya (Data 
source: FAOSTAT 2017) 
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During these drought events there were low maize yields and this led to increase 
in maize prices and higher demand for substitute food types such as rice, wheat, and 
root crops among others. The increased demand in the substitute food crop for the 
staple maize, forced the prices of these crop to go higher. 


Impact of Drought on the Average Food Value Production 

Drought affects the average value of food production expressed in dollars per capita. 
Average value of food production is a country-wide measure of the absolute eco- 
nomic size of the food production sector (Land Portal 2018). The relationship 
between rainfalls and average food value revealed that there were drought events 
between 1991—1998 and 2008-2013. During this period, the average food value in 
dollars per capita followed a declining trend (Fig. 7). The average food value 
indicator is estimated over 3 years moving average to reduce the impacts of 
production errors resulting from complexities that occur due to disparities in major 
food stocks (Land Portal 2018). The two-person moving average curve (blue dotted 
curve) in Fig. 7 smoothens the short-term fluctuations in the average food value and 
shows an increasing or decreasing trend in the long term. 


Impact of Drought on the Number of Undernourished People 

The agriculture sector in Kenya provides means of livelihood to more than 80% of the 
population (Faostat 2019). The population of undernourished people between 1990 and 
2016 remained relatively high corresponding to the period of drought episodes in the 
country. These numbers of people are estimated to be in danger of calorie inadequacy 
and are under hunger threat (World Hunger Education Service 2016). They are thus at a 
risk of malnourishment. The analysis of the data revealed that the number of 
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Fig. 7 Average value of food production in dollars per person (3 — year average) in Kenya (Data 
source: FAOSTAT 2017) 
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Fig. 8 Number of undernourished people in millions (three-years average) in Kenya (Data source: 
FAOSTAT 2017) 


undemourished people has been fluctuating, but relatively increasing in number, as 
shown in the trend plot (Fig. 8). For instance, between 1995 and 2005 there is a 
noticeable increase in the number of people under the threat of hunger in Kenya due to 
the 11 drought events that occurred between 1995 and 2005. The implication of this fact 
is that frequent severe drought events can be a threat to the Sustainable Development 
Goal (SDG 2) of the United Nations on the eradication of hunger and malnourishment 
because drought limits food availability to the people. 

Thus, the number of undernourished people in Kenya have remained high 
regardless of efforts to meet SDG 2 of ensuring zero (0) hunger. Ensuring zero (0) 
means ending hunger by achieving food security through access to the right amounts 
and quality of food from sustainable agricultural practices. To understand the 
relationship between food and drought, or hunger and water scarcity can be corre- 
lated as common phenomena (Loewenberg 2014). This is due to overreliance on 
rain-fed agriculture which is highly vulnerable to the frequent severe droughts in 
Kenya. An estimated 75% of the population in the country derive their livelihoods 
from crop and livestock production (Loewenberg 2014), half of whom survive on 
less than a dollar a day. People who live on less than a dollar a day to meet their food 
and water needs are said to be poor (Nthambi et al. 2021; Loewenberg 2014). 


Impact of Drought on the Gross Domestic Product (GDP) 

The agriculture sector contributes approximately 25.9% to the GDP in employment 
and in providing food to local communities in Kenya (Ochieng et al. 2016). This 
means that the impact of drought on the agriculture sector is likely to affect the 
national GDP. Data from the World Bank (2017) show that agriculture, value-added 
annual % growth values are negative during the years of drought in Kenya. For 
example, the annual % growth for the valued added in agriculture 1991 (—1%), 1992 
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Fig. 9 Agriculture, value added annual % growth versus GDP annual % growth between 1965 and 
2016 in Kenya (Data source: World Bank 2017) 
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Fig. 10 Total renewable water resources in m? per capita in Kenya (Data source: FAOSTAT 2017) 


(—3%), 1993 (—3%), 2008 (—5%), and 2009 (—2%) (Fig. 9). The agriculture, value- 
added annual % growth describes the net value output of the agriculture sector 
obtained by summing up all the outputs minus intermediate inputs. When agricul- 
ture, value-added annual % growth curve is compared with that of the GDP % annual 
growth in Kenya for the period between 1965 and 2016, the curves behave similarly. 
That is, as agriculture, annual % growth increases, the GDP annual growth % also 
increases and vice versa (Fig. 9). These trends suggest that the agriculture sector 
correlates linearly to the GDP. This means that the impact of drought on the 
agriculture sector will lead to negative value-added annual % growth, which in 
turn leads to the reduction of the GDP annual growth %. 
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Impact of Drought on Water Security 

Kenya is water-scarce and has only about 3—4% of its land cover composed of 
wetlands. The country experiences loss of wetlands estimated at 7% per annum due 
to the expansion of land for crop and livestock production (Bóhme et al. 2016). 
Therefore, severe droughts have led to decline in surface and groundwater recharge. 
The total renewable water resources per capita per year between 1988 and 2017 have 
followed a declining trend (Fig. 10). Total renewable water resources are internal and 
external water resources (both surface water and groundwater) generated through the 
hydrological cycle (FAO 2016). The internal water resources are generated through 
endogenous precipitation while external water resources are the resources that enter 
the country through the transboundary flow from external surface and groundwater 
resources (FAO 2016). With the total renewable water resource being finite and the 
population continuing to grow, the water consumption per capita will dwindle. The 
drought events will have very harsh impact on the population. Hence, alternative 
water sources and conservation techniques are required to supplement the deficits 
caused by the drought. 


Statistical Analysis of Drought Impact on Selected Economic 
Indicators 


Table 2 shows the descriptive statistics ofthe dataset obtained from FAOSTAT 2019, 
consisting of some economic indicators used in the binary logit regression model. 
These indicators represent independent variables that were hypothesized to be 
influenced by drought in the agriculture sector. The producer prices represent the 
average cost of producing a ton of maize — the staple food crop per annum. The 
annual growth of GDP (%) is the macroeconomic indicator representing the status of 
the economy in which agriculture, forestry, and fisheries are major contributors. 
Credit to agriculture represents the average amounts of loans that producers in the 
agriculture sector, forestry and fisheries, household producers, cooperatives, and 
agro-businesses have borrowed from private/commercial banking sectors per year 
(FAOSTAT 2019) to support agricultural production. 

Regression results (Table 3) show that pesticide use has a positive relationship 
with drought events while the coefficient estimates of producer prices, number of 
undernourished persons, GDP, and credit to agriculture have a negative relationship 
with drought events. 


Table 2 Descriptive statistics of economic indicators influenced by drought from 1991 to 2016 


Economic indicators Mean Standard deviation 
Pesticide use in tons 0.44 0.26 

Producer prices (US dollars) 224.38 84.39 

Number of under-nourished persons 10.15 0.86 

Annual growth in gross domestic product (%) 7.59 12.023 


Credit to agriculture (US dollars) 387.69 273.61 
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Pesticide use has a positive coefficient of variation and significant relationship 
with drought events. Increasing drought episodes means increased use of pesticides 
to control disease causing pests and vectors. 

During drought events, soil moisture reduces the level of pesticide uptake. 
Moisture-deficient crops attract insects as such crops are unable to produce metab- 
olites that prevent them from being susceptible to pest attacks (Yihdego et al. 2018). 
The annual growth percent of GDP is negative and statistically significant to drought 
events. Drought decreases food availability leading to decline in agriculture value 
added %. During drought events, farmers’ ability to borrow money to support 
agricultural inputs declines as collateral for loans in form of farm assets becomes 
less available and valuable. 


Identified Climate Change Adaptation Measures in Makueni County 


Autonomous Climate Change Adaptation Measures 

Makueni county has pilot private ponds already in place that are owned by a few 
households (Fig. 11a, b). Water accumulates in the ponds during the rainy season, 
and the farmers use it to irrigate the farm and/or fish farming. A standard water pond 


Fig. 11 Water ponds for harvesting during rainwater (a) dry season and (b) filled pond in the rainy 
season (Photos taken by Mary) 


Fig. 12 An example of a household owned water pond for irrigating a kales/vegetable garden 
showing (b) drip and (c) furrow irrigation (Photos taken by Mary) 
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holds a minimum of 200,000 L of water and can be used by an individual farmer to 
farm an acre of maize and vegetables for approximately three seasons (Fig. 12). 
However, the disadvantage ofthis adaptation measure is that most farmers are unable 
to purchase the polythene sheet used as an inner lining of the water pond because it is 
costly (KES 70,000 exchange rate @ 103.2270 KES = 1 USD as at June 2015). The 
plastic layer is used to prevent the harvested rainwater from permeating into the 
groundwater. However, these water ponds can be a health hazard and that can lead to 
the drowning of livestock and children if not well guarded, as well as act as a 
breeding ground for malaria-causing mosquitoes. 


Anticipatory Climate Change Adaptation Measures 
Anticipatory climate change adaptation coping strategies to climate change are those 
public adaptation measures provided to the rural communities through the support of 
organized groups such as the farmer networks/groups, NGOs, and government 
institutions. These measures are in most cases capital intensive and might require 
highly skilled technical input to put them in place. A universal set of community- 
based water projects suggested include boreholes, earth dams, shallow wells, water 
tanks, subsurface, and sand storage dams. The communities chose a sand storage 
dam as the best option because of the following reasons; (1) it is the world's cheapest 
way of providing rainwater to communities in arid and semi-arid areas, (2), a sand 
storage dam creates an indigenous, reliable, clean water supply up to about 1000 
people, (3), water sinks through the sand to the bedrock preventing it from evapo- 
ration and pollution as compared to water in shallow wells, and (4) it saves farmers a 
lot of stress regarding land disputes since it is constructed along seasonal rivers 
which are owned by the government and (5) sand storage dam reduces the risk of 
flooding and increases chances of water availability during the dry seasons. A sand 
dam is constructed across a shallow riverbed such as an ephemeral stream and water 
is extracted using pumps. An example of sand dam is shown in the following 
photograph (Fig. 13). 

A subsurface sand dam is an underground facility that can be used as an 
alternative to the surface dams. It has some advantages over the conventional surface 


Fig. 13 A sand storage dam 
construction in Makueni 
County during the dry season 
(Photo taken by Mary) 
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Fig. 14 Cross-section of water extraction from a sand-storage dam (modified from Hanson and 
Nilsson 1986) 


dam because it prevents excessive loss of water through evaporation and does not 
support the breeding of vectors such as malaria-causing mosquitoes on it. However, 
the subsurface dam is constructed below the ground level to tap from the flowing 
groundwater in the natural aquifers. It also has enhanced surface permeability to 
cause faster infiltration of rainwater to the groundwater during the rainy season. The 
sand-storage dam stores water in the sand which accumulates naturally behind a dam 
wall (Onder and Yilmaz 2005). The wall constructed across the seasonal river should 
be tight and stable to withstand the pressure of running water downstream. The 
riverbanks of the sand storage dam ought to be protected from erosion on sloppy 
areas and the dam bottom (Nilsson 1988). According to Hanson and Nilsson (1986), 
the extraction of the water from the sand storage dam can either be through pumping 
or gravity. The use of gravity means a drain is placed at the reservoir bottom in 
the upstream direction of the sand storage dam or a pipe downstream as shown in 
Fig. 14. The construction of a sand storage dam has four stages: the first stage deals 
with the capacity of the dam. It is described by the height of the dam wall to be 
constructed and the quantity of water it is expected to hold. 

The second stage involves a careful selection of a proper water pumping mech- 
anism and how to incorporate it into the sand storage dam design. The third step 
involves the protection of the dam banks through the planting of trees on the sloppy 
areas both downstream and upstream of the river where the sand storage dam is 
constructed. The fourth stage involves a careful selection of the donor (management 
structure) to support the construction of the wall and one that would organize the 
farmers who will be involved in the construction process. The loss of benefit 
accruing from the choice of management structure in the area has been fully 
documented in Nthambi et al. (2021). Farmers should be involved in the four phases 
and the actual construction process of the selected climate adaptation measure. Other 
forms of participation can be accounted through contribution of labor time or cash 
for the purchase of raw materials. 
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Conclusions 


The frequent severe drought events in SSA region have heavily affected the growth 
of the agriculture sector, forcing crop and livestock farmers to work under very dry 
conditions in countries such as Kenya. In this chapter, the impacts of drought on the 
economy of Kenya were discussed, and a possible climate change adaptation mea- 
sures demonstrated using a case study area in one of the counties. The findings can 
be summarized in three main ways. First, the analyzed climate indicators revealed 
frequent drought episodes, which have led to direct and indirect economic impacts 
on the agriculture sector and the economy. The analysis shows drought events have a 
positive relationship with pesticide use and negative relationship with credit 
resources, producer prices, number of undernourished people, and annual percentage 
growth of gross domestic product (GDP). Again, drought events negatively affect 
the number of undernourished people as the quantities of crop yields, for example, 
maize as the staple food crop in Kenya reduces. During the years of drought events, 
the agriculture value added % growth declines reducing the annual GDP. Producers 
and households’ access to credit resources reduce during drought episodes. The 
amount of water from renewable water resources also declines due to decreasing 
rainfall amounts causing water scarcity. 

Second, farmers and households can adapt to the negative impacts of drought 
using either autonomous or anticipatory climate adaptation measures. The major 
concern is the dryness that comes with drought events, and given the arid and semi- 
arid nature in most parts of Kenya, rainwater harvesting in sand dams would be the 
most suitable adaptation measure to reduce the impact of drought. Generally, farmers 
in the area prefer a sand dam over water ponds or boreholes. However, the lack of 
financial support hamper farmers' desire to execute this type of anticipatory climate 
change adaptation measure. 

Third, from a methodological perspective, the use of available secondary data to 
avail important literature required for climate change research in SSA region was 
promoted. It demonstrates a simple way of relating climate variables with economic 
indicators using existing qualitative and quantitative approaches. In terms of deter- 
mining suitable climate change adaptation measures, we consulted stakeholders to 
suggest the adaptation measures and propose a practical approach to implement 
them. 

Two main recommendations were suggested in this chapter. First, the Kenya 
National Adaptation Plan (NCCAP) 2015-2030 highlights financing as one of the 
limitations in the mainstream of climate change adaptation in the water sector. The 
country is keen on providing adequate water management strategies that can ame- 
liorate the water scarcity problem caused by drought events. We established the 
involvement of stakeholders to participate in constructing sand dams to harvest 
rainwater across seasonal rivers. Thus, the NCCAP, 2015-2030 should integrate 
community participation strategy to provide local materials such as water, sand, and 
stones or cash when possible, as a way for farmers to partially finance the provision 
of adaptation measures for sustainable water harvesting techniques. A bottom-top 
approach to adaptation measure is necessary to understanding farmers" willingness 
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to take part in adaptation projects such as the construction of a sand dam in the SSA 
region. 

The National Drought Management Authority (NDMA) in Kenya, charged with 
the responsibility to identify risks, end drought emergencies, and ensure adaptation 
for sustainable livelihoods, should encourage farmers to form community-based 
organizations. NDMA should also encourage farmers to form farmer networks/ 
groups and register them under the Self-help Association Bill (2015) to provide 
legal protection to farmers who wish to participate in sand storage dam construction. 
Membership of community-based organization would encourage collective action 
efforts that enhance trust among farmers thus strengthening stakeholders' participa- 
tion in community adaptation projects. Government institutions and non-govern- 
mental organizations should work with farmer networks to ensure adaptation 
measures are implemented in a way that is acceptable to the communities that benefit 
from them. 
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Abstract 


Sub-Saharan Africa is considered to be highly vulnerable to climate change- 
related disasters particularly drought. Farmers in Ghana have learnt to co-exist 
with it by resorting to various approaches. This study sheds light on farmers’ 
adaptation to drought in Ghana. The cross-sectional survey design was used to 
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collect data from a random sample of 326 farmers and six purposively selected 
lead farmers from six farming communities. Questionnaire and in-depth inter- 
views were used for data collection. The data were analyzed using descriptive and 
inferential statistics. The study revealed a significant variation between locations 
and use of drought adaptation approaches. The study showed that the most 
common drought adaptation measures comprise locating farms on riverine 
areas, drought monitoring, formation of farm-based organizations for dissemina- 
tion of climate information, application of agro-chemicals, changing planting 
dates, cultivating different crops, integrating crop and livestock production, 
changing the location of crops, diversifying from farm to non-farm income- 
generating activities, and cultivation of early maturing crops. Therefore, it was 
recommended, among other things, that Non-Governmental Organizations 
(NGOs) should assist the government to construct small-scale irrigation facilities 
and provide drought-resistant crops to further boost the capacity of farming 
communities in Ghana. 


Keywords 


Rural Communities * Subsistence Farmers : Drought - Adaptive Capacity 


Introduction 


Climate change has occurred and still occurring. Among all climate change-induced 
disasters, drought is the costliest and most devastating climatic disaster that imposes 
untold adverse consequences on human activities. Its recurrent occurrence is asso- 
ciated with high level of vulnerability among farming households (Makoka 2008; 
United Nations 2010). It severely affects agriculture in rural areas as well as trade 
and food security in both developed and developing economies of the world. 
Drought is particularly hazardous to communities which depend on agriculture for 
livelihood (Diaz et al. 2016). Incidence of drought is prevalent in Ghana, with the 
1983 being the severest and most destructive in the history of the country (Owusu 
and Waylen 2009). Drought conditions impose consequences on crop yield and food 
security (Van de Giesen et al. 2010). Previous report indicated that persistent drought 
conditions affected all investments in the agricultural sector in the country. 
Unreliable rainfall, prolonged droughts, coupled with high temperatures have 
severely affected sustainable agriculture in the country (Armah et al. 2011; Dietz 
et al. 2013). Ajzen’s (1985) theory of planned behavior argues that individuals 
perform certain planned actions known as behaviors in response to the achievement 
of a target. Given the serious problems posed by drought to agriculture in Ghana, 
farmers practice adaptation to overcome or reduce the resultant vulnerability. 
Families whose livelihoods depend on farming activities need a variety of 
adaptation strategies to mitigate the harmful impacts of climate change and. This 
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will help them to maintain their livelihoods (Uddin et al. 2014). Adaptation serves as 
the means to mitigate a system's vulnerability to hazardous events. Adaptation 
reflects farmer's adaptive capacity. It is a process through which a society makes 
better adjustments and changes in order to adapt to an unforeseen situation in the 
future (Smit and Wandel 2006; United Nations Framework Convention on Climate 
Change (UNFCCC) 2011). Adaptation refers to the process of adjustment to the 
actual or expected climate, its variability, and concomitant effects (Intergovernmen- 
tal Panel on Climate Change (IPCC) 2014; Quandt and Kimathi 2016). It is a means 
to build a system's capacity, resilience, and to adjust to the impact of climate change 
with the ultimate aim of reducing vulnerability. It is a process through which a 
society makes better adjustments and changes in order to cope with an unforeseen 
situation in the future (Smit and Wandel 2006). It may involve adjustments in 
technologies, lifestyles, infrastructure, ecosystem-based approaches, basic public 
health measures, and livelihood diversifications to reduce vulnerability (IPCC 
2014). It may also serve as means to optimizing the potential benefits of climate 
change. Numerous studies have examined farmers’ adaptation to climate change in 
different locations and contexts (Mabe et al. 2014; Obayelu et al. 2014; Shongwe 
et al. 2014). However, these studies are not only predominantly quantitative but also 
based broadly on farmers’ adaptation to climate change. Farmers’ adaptation to 
climate change is dependent upon specific climate change events and hence, may 
differ from one climatic event to another. The measures that farmers employ to adapt 
to other climate change events may differ from strategies employed to adapt to 
drought. Therefore, a clear understanding of farmers' adaptation to drought is 
desirable for designing and implementing appropriate drought adaptation strategies 
to enhance sustainable agriculture in Ghana. The study will expand theoretical 
knowledge and understanding of drought adaptation planning. Specifically, the 
study will shed more light on farmers’ planned behavior towards drought. This 
will provide the necessary information and reference material for other researchers 
and drought management policy-makers. The study also explored only farmers’ 
views on the use of both on-farms and off-farm measures to combat drought. 


Study Areas 


Three agro-ecological locations, namely, Wa West (Savannah zone), Nkoranza 
North (Transitional zone), and Wassa East (Forest zone) of Ghana were chosen as 
the sites for this study (Fig. 1). Evidence indicates that rain-fed agriculture consti- 
tutes the main livelihood activity in the selected agro-ecological locations. For 
instance, crop farming (96.1%) is the major activity undertaken by households in 
the Wassa East District while most households (97.2%) in the Wa West District are 
engaged in crop farming as the main economic activity. Similarly, almost all 
agricultural households (98.5%) in the Nkoranza North District are involved in 
crop farming (Ghana Statistical Service 2013, 2014). 
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Fig. 1 Map of selected agro-ecological locations 
Data Collection and Sampling Procedure 


The study employed cross-sectional survey design because it has some practical 
advantages over longitudinal and experimental designs. Cross-sectional design helps 
to capture large factual numeric and descriptive data from a large sample that 
represents a wide target population on a one-shot basis (Bhattacherjee 2012). Out 
of a total population of 1765 household farmers, 326 participants were randomly 
selected using Yamane's (1967) formula. In generally, farming is a male-dominated 
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activity in Ghana (Food and Agriculture Organization (FAO) 2012). However, 
harvesting, processing, and marketing is usually done by the female. Traditionally, 
the head of each household in these study areas is a male. However, in the absence of 
a male head the de facto female heads or de jure household heads were interviewed 
(See, Danquah 2015). Both qualitative and quantitative data were collected using 
structured questionnaire and in-depth interview guide. 


Data Processing and Analysis 


The first step in the process of analyzing qualitative data was data transcription. The 
tape recordings were listened to several times so as to get a complete sense of the 
data. All the transcribed data was categorized into patterns by following the guide- 
lines prescribed by Miles and Huberman (1994) (cited in Cohen et al. 2011). Five 
points scale Likert estimation was used to assess or rate farmers' perception to sets of 
constraints to drought adaptation. The Likert scale ranging from “Strongly Disagree 
(5)" to "Strongly Agree (1) ". We also employed Pearson Chi-Square Test Statistic 
Tool in the analyses. This helped to compare farmers' adaptation practices across the 
three selected agro-ecological zones. In addition, Phi and Crammer's V were 
generated as measures of contingency coefficient to explore the strength of the 
association between the agro-ecological zones and farmers’ adaptation strategies 
(Prematunga 2012). Problem Confrontation Index (PCI) was used as modified 
procedure adopted from Elias (2015) and Talukder (2014), and was computed as 
follows: 


PCI = [5(Psa) + 4(Pa) + 3(Pu) + 2(Pp) + (Psp)] 
Where: 


Psp = Frequency of farmers who rated the problem as strongly disagree 
Pp = Frequency of farmers who rated the problem as disagree 

Py = Frequency of farmers who rated the problem as not sure 

P4 = Frequency of farmers who rated the problem as agree 

Psa = Frequency of farmers who rate the problem as strongly agree 


Results and Discussion 
Farm Household Characteristics and Adaptation Capacity 


We asked participants to indicate their level of formal education, age, years of 
schooling, farming experience, farm size, landholding, household size, and depen- 
dents (Fig. 2). The proportion of farmers in the Forest agro-ecological zone who 
obtained middle school education (9.51%.) is less than the proportion of farmers in 
Transitional agro-ecological zone with middle school education (13.80%). This 
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Fig. 2 Farmers’ level of education across agro-ecological zones 


implies that most farmers in the Forest and Transitional zones had completed middle 
school compared to their farming counterparts in the Savannah zone where majority 
(12.88%) had no education. 

The educational background of farmers presupposes that these farmers would 
have knowledge and understanding of climatic events as well as climate change 
adaptation. According to Apata, (2011), education among farmers can promote 
climate change adaptation. Similarly, other empirical evidence from a study 
conducted by Abdul-Razak and Kruse (2017) indicated that farmers with formal 
education had high adaptive capacity while farmers without formal education had 
low adaptive capacity to cope with climate change and variabilities 

The minimum age of the farmers was 18 years while the maximum age was 
87 years (Table 1). The mean age of the farmers was 43.9 years (Mean — 43.99, 
SD — 14.12). Similarly, the result as shown in Table 1 is indicative that the 
participants have been farming for almost 19 years (Mean — 18.96, SD — 13.45). 
Thus, the average farming experience is 18.96 years while the minimum and 
maximum years of farming experience are 1 year and 76 years, respectively. Farming 
experience contribute to the level of knowledge on climate change adaptation and 
risk management (Montle and Teweldemedhin 2014). It is also clear from the results 
that the selected farmers had an average of 6.83 acres (Mean — 6.83, SD — 6.80). 
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Table 1 Descriptive statistics of farm household characteristics 


Variable N Min Max Mean SD 
Age (in years) 326 18.00 87.00 43.99 14.12 
Years of schooling 326 0.00 22.00 6.89 4.79 
Farming experience (in years) 326 1.00 76.00 18.96 13.45 
Farm size (in acres) 326 1.00 55.00 6.83 6.80 
Landholding size (in acres) 326 2.00 250.00 13.77 16.66 
Household size 326 1.00 25.00 6.37 3.56 
Number of dependents 326 0.00 10.00 2.83 2.08 


Moreover, farmers had 1.0 acre and 55.0 acres as minimum and maximum farm 
size, respectively. It was revealed that most of the farmers who had large farms 
cultivated both cash and food crops. For instance, most farmers in the Forest zone 
planted vast acres of cocoa whereas some farmers in the Transitional zone cultivated 
cashew plants on large scale. The results show that farmers’ farm estate landholding 
ranged from at least 2.0 acres to a maximum of 250 acres, with average landholding 
of 13.77 acres. This implies that access to land to undertake agricultural activities 
may not constitute a problem to the rural farmers (see, e.g., Kassaga and Kotey 
2001). 

The minimum and maximum household size were 1 and 25 persons, respectively. 
The average household size was found to be six (Mean — 6.37, SD — 3.56) and the 
number of dependents in households ranged from zero to a maximum of 10. 
Households had about three dependents on the average (Mean = 2.83, 
SD — 2.08). Household size constitutes labor endowment of the farm household 
and it is an integration part of on-farm labor provision in smallholder farming 
systems (Deressa et al. 2009). 


Constraints to Drought Adaptation 


Farmers may have knowledge and information on drought adaptation. However, 
these farmers may not be capable of adapting to drought because certain factors that 
can hinder their adaptation behavior (see, e.g., Ajzen 1987, 2006). The results 
highlight that there are several challenges that confront farmers. It is evident from 
the results shown in Table 2 that a majority of 261 farmers (85.396) agreed that 
shortage of water for irrigation is problem that confronts their capacity to cope with 
the impacts of drought on their farming activities. The associated PCI indicates that 
shortage of water for irrigation ranks first among all the problems that farmers face. 
This situation can be attributed to the absence of major water sources coupled with 
reduced precipitation in the selected agro-ecological zones (Owusu and Waylen 
2009). The shortage of water poses a challenge to farmers who would have otherwise 
wished to irrigate their farms during episodes of drought. This confirms results of a 
study by Abid et al. (2015) that shortage of water for irrigation is challenge that 
limits farmers adaptation to drought. Furthermore, the results indicate that out of the 
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326 respondents, a majority of 85.3% farmers agreed that unavailability of financial 
resources serve as a constraint to their effort to adapt to drought (Table 2). This was 
ranked as the 2nd problem that confronts their capacity to adapt to drought. Lack of 
finance has been cited as the common problem that considerably hampers most 
farmers from adopting improved varieties of seed to combat drought (Fisher et al. 
2015; Pardoe et al. 2016). High cost of agricultural inputs was rated or ranked 3rd 
and Inadequate labor force 4th by the farm household heads within the three 
ecological zones the study was conducted. However, farmers were least concern 
about access to land for their farming activities. This was ranked 9th on the list of 
factors influencing farm household ability to adapt to drought in the study area. 
Invariable, it was expected that extension education and information to weather 
forecast should feature prominently on top of the ranking, but turned out otherwise. 
Lack of agriculture extension services and climate base information in the form of 
weather forecast have been cited as the policy constraints to adaptation strategies of 
smallholder farmer in the tropics, particularly in sub-Saharan Africa including 
Ghana (Naab et al. 2019). 


Determinants of Adoption of Drought Adaptation Measures 


This section focuses on the presentation and discussion of main results on farmers’ 
adoption or non-adoption of various drought adaptation measures. It also discusses 
farmers' socio-demographic factors as determinants of drought adaptation strategies. 
Table 3 presents the results with respect to farmers’ drought adaptation across the 
three agro-ecological locations in Ghana. The application of agro-chemicals as a 
drought adaptation measure is significantly associated with agro-ecological locations 
as shown by the (y? = 43.98: DF = 2, N= 326), p < 0.001). It is indicative from the 
results that majority of farmers (90.7%) in Nkoranza North in the Transitional zone 
applied agro-chemical compared to farmers in the Daboase and Wechaiu (54.596 and 
63.296, respectively) who adapted to drought through the application of agro- 
chemicals. Most crop farmers in Daboase in the Transitional zone adopted the 
application of agro-chemicals compared to other farmers in the Forest zone because 
the Forest oxysol soil has higher moisture holding capacity and fertility and therefore 
more capable of supporting crop production. On the whole, the study reveals that 
most farmers (72.1%) in the selected study areas adopted application of agro- 
chemicals as measure to adapt to drought. This finding is consistent with results of 
previous studies that applying both organic and inorganic fertilizer on farmlands is a 
method of mitigating low crop yield associated with unreliable rainfall pattern and 
prolonged dry spell (Kurothe et al. 2014; Kloos and Renaud 2014; Pardoe et al. 
2016). 

The results as shown in Table 3 indicate that majority of farmers in Daboase in the 
Forest zone do not resort to migration as a drought adaptation measure. Out of the 
110 farmers in the Forest zone who participated in the survey, an overwhelming 
majority of 101 (91.8%) did not employ migration while only nine farmers (8.2%) 
resorted to migration as a measure to reduce their vulnerability to drought. 


H. Dumba et al. 


1042 


(SvD| (es8) (9'£6) (c8SO| (819) 
9€0| .,1000| 99°Ir (0'18)P9Z II €9 (9)6 IET [42 89 sdoro Zume Apres jo uoneAnn?) 
(rsD| TID (s'$8) (os) (css)! (StI) 
LOO) g0trO| S91 (g9Des 09 9I 6l Ic v6 91 sdo.d jue1o[o1-1g3norp Jo uoneAnn)) 
(ce9) (89€ (99) (9'€€) (1'68)) (60D 
LTO| ,,,100°0| 6€IC (L'90L8 8 8c £6 Ly 86 el Soorjoe1d uoneA1Tesuoo oJnjsroUr [IoS 
(p8D| (9'18) (0'$8) (os) (c8SO| (8'19) 
Lv'0| ,,,100°0| PEOL (p'89)£cc VI T9 6l IC [42 89 sdo.o jo uoreoo| Surgueq;) 
(£6) (9°88) (VID (0°09) | (000p) 
9€0| ...1000| 8S7 (1°08) 197 IL} (9°9)s 144! 9I 09 vv Sdoro juo1ogjrp jo uoneAn[n;) 
(899) (c9) (£9) (Eze) (8'16) 
VEO! ,,,100°0| 0rd (9'1€)€0T 8c 8v v6 oF 101| (c86 UOHEIST]AT 
(TLD | (6°78) (0S1) (068) (c9, (ELp) 
6€0| ,,,100°0| t€6r (STL) Pez £T £9 IC 611 8s zs eum Sunue[d SursueyD 
(8969) (79) (L'06) (ever) | (Sto) 
LE'O! ,,,100°0| 86'E (T'TLSET 8c 8v| (COGI LTI [Us 09 seoruomqo-o13e jo uorjeorddy 
(4)VN| (%)V| (%) VN (WV) M)VN| GOV 
(9L = “)yeuueaesg (orl = u) (O11 = “sero 
[euonisuer, 
Wd onjea-d e uondope S9uoZ [eorgo[oooo1d y sonseoJA uoneydepy 
[e 1940 


(9ZE = N) seuoz [eorgo[ooo-o1ge sso1oe somnseour uorejdepy € ejqe, 


1043 


Lessons from Crop Farmers. . . 


52 Rural Farmers' Approach to Drought Adaptation 


xxI000 > d44I00 > d'4c90» d 


peidopy JON yN 'peidopy p '(porrei-z) ¢0'0 1e 1ueogrusis Jou sordum gw *jueogrusis sordui y :eiN 


(809)| (76S) (070€) (002) (c9, (ELE) 

0€0| ,,,100°0| SULT (p95) P81 IE St [47 16 69 Ip SuiTojruour j[Snouq 
(9c.)| (Lv) (L'c9) (€L¢) 

07'0| ,,,1000| 68°71 (ror) 191 Or 9€ 69 Iv} (0p)s| (09 v8 pue ur jo ozis Surgueq;) 
(9sD | ("so (9°€6) (L’78)| (ELD 

ITO| ,,,100°0| L8vI (rvDLE LS 61 IEI (7'9)6 16 6l soonoe1d FUSY IPM 
(619, (TTH) s9) (ere) (Sv9)) (esp 

O10| gQ08TO| IVE (6'6€)0€1 vv [43 c6 8v 09 0S Suruopies ouroH 
(c8e| (8°19) (0'0r) (0709) (8I9| (c8p uoronpoid 

TLO! g0L60| 89v (p'9c)v8I 6c Ly 96 v8 LS ES xoojseAi YM dozo Suyessoyuy 
(80h) (c69) os) (€ 6v) (poc)| (9'er) sonAnoe 

oro snOIT| 8EY (9°0S)S9I IE St IL 69 [47 8 ULrej-UOU 0j WEJ WOI SUIAJISISAIQ 


1044 H. Dumba et al. 


Moreover, out of the 140 farmers in Nkoranza North in the Transitional zone that 
participated in the study, it was found that a greater proportion of farmers (67.1%) 
did not adopt migration as drought adaptation measure. Thus, migration is not a 
common drought adaptation strategy in the Forest as well as the Transitional zones 
of Ghana. This contradicts findings of Yang et al. (2015) that migration is the 
commonest drought adaptation strategy among farmers in the Ningxia Hui Auton- 
omous Region of North-western China. Most farmers in the Forest and Transitional 
zones of Ghana do not adapt to drought through migration because there are various 
livelihood options and crop diversification strategies that assist them to adapt to the 
hardships imposed by drought (Asante et al. 2017). For instance, various artisanal 
activities, trading or business ventures, seeking employment in craft and cottage 
industries, and other sources of off-farm income generating abound in the forest belt 
of Ghana and hence, most farmers in this area do not over dependent on rain-fed 
agriculture. However, there are more cases of migration among farmers in Wechaiu 
in the Transitional zone compared to farmers in Daboase in the Forest zone (see 
Derbile et al. 2016). This is because some farmers in the Forest zone migrated either 
from the Savannah zone, Transitional zone, or neighboring communities in Cote d’ 
Ivoire to undertake cocoa cultivation since the rainfall pattern in the Forest is more 
favorable to farming activities (Jarawura 2013). 

The results suggest that farmers in the Savannah zone are more likely to adapt to 
drought and rainfall variability through migration to other places compared to 
farmers in the Forest and Transitional zones of Ghana. This collaborate the findings 
Van der Geest (2011) and Jarawura (2013), that rainfall variability and climate 
change slightly account for the out-migration of farmers from the three northern 
regions to Brong Regions of Ghana. When there are drought conditions some 
farmers migrate to other areas to engage in other livelihood activities. There is a 
statistical highly significant relationship between agro-ecological zones and farmers’ 
adoption of migration as a drought adaptation measure (y? = 63: DF = 2; N = 326; 
p < 0.001). 

Migration among farmers is dependent on agro-ecological location. The phi value 
(0.44) indicates that is a positive significant moderate difference between farmers’ 
migration patterns and agro-ecological zones. This is because the severity of drought 
differs from one agro-ecological zone to another (Adepetu and Berthe 2007). 

The results indicated that out of the 110 farmers interviewed in Daboase in the 
Forest zone, 89.1% were nonadopters of soil moisture conservation practices as an 
adaptation strategy. However, relatively small proportion of the farmers (10.996) in 
this zone adopted soil conservation practices. Similarly, nonadopters were 66.4% 
and 63.2% in Transitional and Savannah zones respectively. Collectively, across all 
the ecological zones studied out of 326 farmers interviewed only 87 farmers 
employed soil conservation measures. This represents a total of 26.7% farmers. 

Moreover, it was revealed that only 53 (16.3%) out of the 326 farmers in the three 
agro-ecological zones cultivated some sort of drought-tolerant crops as drought 
adaptation measure. The results show that most farmers in the agro-ecological 
location do not cultivate crops that are drought-resistant. Only a small proportion 
of farmers in the various agro-ecological zones indicated that they cultivated some 
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crops that are resistant to drought conditions. Farmers non-adoption of drought- 
resistant crop varieties can be attributed to the fact that most farmers in Ghana do not 
have access to drought-tolerant crops. This contradicts the results of previous works 
by Udmale et al. (2014) that rural farmers widely cultivate less water intensive and 
drought tolerant crops as adaptation options to drought. 

The results show that a majority of 264 farmers (81.0%) out of the 326 farmers in 
the three agro-ecological zones adopted the cultivation of early maturing crops as a 
measure to adapt to drought. The adoption of early maturing crops is highly 
dependent upon agro-ecological zone. Most farmers in the Savannah and Transi- 
tional zones cultivate early maturing crops compared to the proportion of farmers in 
the Forest zone who cultivate early maturing. The results of this current study 
corroborate the findings of various previous studies (Bawakyillenuo et al. 2016; 
Pardoe et al. 2016) that farmers resort to the cultivation of early maturing crops as a 
climate change adaptation strategy. 

The study also revealed that farmers have been adapting to drought by integrating 
both farming and non-farming activities as similarly found by a previous study by 
Balama et al. (2013). From the results out of the 326 farmers, a little over half 
(50.6%) diversified from farm to non-farm income generating activities in order to 
adapt to the impact of drought. Majority of farmers (59.296) who diversified farm to 
non-farm income generating activities were located in Wechaiu in the Savannah 
zone. 

The study further indicated that most farmers (56.496) integrated livestock 
production with crop production as drought adaptation measure. This is because 
farmers seek solace in livestock rearing when their crops fail as a result of drought. 
Farmers do experience decline in crop productivity as a result of drought. There- 
fore, they have seen the need to engage in livestock rearing to augment their 
farming activities. Similarly, Balama et al. (2013) has found that local farmers in 
Kilombero District of Tanzania integrated crop farming into livestock production 
as a climate change adaptation strategy. The results in Table 3 indicate that most 
farmers in Wechaiu in the Savannah zone (61.8%) as well as those in the Transi- 
tional zones (60.0%) integrated livestock rearing with crop production compared 
to farmers in the Forest zone (48.2). This confirms results of a study by 
Bawakyillenuo et al. (2016) that integrating livestock rearing into crop production 
is common climate change adaptation method being adopted by farmers in rural 
Savannah zone of northern Ghana. This is because the vegetation and climatic 
features within the Savannah and Transitional zones are more favorable to live- 
stock rearing compared to the Forest zone. However, this is not significant 
(X) = 4.68: DF = 2, N = 326; p > 0.05). 

There is moderate significant association between the proportion of farmers who 
employed water harvesting practices and agro-ecological zone (y^ — 14.87; DF — 2; 
N — 326, p « 0.001). A majority of farmers (93.696) in the Transitional zone and 
farmers in Savannah (75.0%) employed water harvesting practices as drought 
adaption measure compared to number of farmers in the Forest zone (82.796) who 
did not employ water harvesting practices to combat drought. Most farmers in the 
Savannah and Transitional zones experienced severe drought conditions and acute 
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water shortage than farmers in the Forest zone (Armah et al. 2011). This in keeping 
with the fact that farmers in the Savannah and Transitional zones need to harvest 
rainwater and store it for domestic use and animal consumption as well. However, 
farmers in the Forest may have unimpeded access to riverine water supply through- 
out the year due to high level of precipitation (Armah et al. 2011). 

The results show strong relationship between change in farm sizes and agro- 
ecological zones (y? = 12.89; DF = 2; N = 326, p < 0.001). Variation in farm size 
as a drought adaptation strategy is dependent upon agro-ecological location. The 
proportion of farmers who change their farm sizes as drought adaptation mecha- 
nism varies across the agro-ecological zones (sensu, Hansen et al. 2004). The 
settler farmers in the Transitional zone have fixed portions of land for farming, 
whereas the native farmers have most of their land occupied by cashew plantation. 
Hence, such farmers may find it difficult to increase their farm size. Farmers in the 
Savannah zone may not even change their farm sizes because fertile lands are 
limited in supply. Hence, farmers are fixated to the same parcel of land. Moreover, 
the farmers may find it unrewarding and time-consuming to clear new parcel of 
land for cultivation in the midst of unpredictable and scanty rainfalls. However, 
majority of farmers 84 (60.0%) in Daboase in the Forest zone stated that they 
changed their farm sizes in order to deal with the impacts of drought. Finally, the 
results indicate that out of the 140 farmers in Nkoranza North in the Transitional 
zone, 70.0% in this zone adopted drought monitoring as drought adaptation 
strategy, particularly constant listen to weather news on radio and TV stations on 
daily basis. During an interview in the Transitional zone, a male farmer indicated 
that: 


I always listen to ‘weather man’ on FM radio in order to know the on-set of rains before I 
even begin to prepare for farming. Sometimes before I go to farm, I have to listen to ‘weather 
man’ to know whether it would rain on that day or not (Male farmer, Transitional zone). 


Similarly, a majority of 45 farmers (59.2%) in the Savannah zone indicated that they 
employed drought monitoring as a tool for preparing for impending drought condi- 
tions and to improve their resilience to drought vulnerability. The plurality of radio 
stations as well as the availability of agricultural extension officers in the study areas 
provide easy access to weather information. Hence, most farmers continually mon- 
itor weather and climatic conditions before they plant their crops. Regarding drought 
monitoring, a lead farmer in the Savannah zone hinted during an interview schedule 
that: 


We do not sow arbitrarily in this area. We usually ‘study’ the weather pattern to predict the 
arrival of rains before sowing seeds (Male lead farmer, Savannah zone). 


However, majority of 69 farmers, representing 62.7% of the 110 farmers who 
participated in the survey in the Forest zone did not practice drought monitoring. 
The climatic conditions in this zone is quite conducive for agriculture. The 
farmers in this zone hardly experience severe drought that lasts long as compared 
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to farmers in the Savannah and Transitional zones Moreover, the soil in the Forest 
zone holds moisture. Hence, farmers in this zone do not really have to monitor the 
rainfall pattern as farmers in the Savannah and Transitional zones would do. 
Overall, more than half of farmers (56.4%) practice drought monitoring. This 
shows that drought monitoring is mostly being practiced by farmers as a method 
of adapting to drought in the selected agro-ecological zones. This confirms the 
results of a study by Pardoe et al. (2016) that farmers “follow the rain” until they 
are well-convinced that the rain would not fail them before they sow their seeds. It 
is obvious that drought monitoring is highly statistically and significantly related 
to agro-ecological zones (y? = 27.15: DF = 2, N = 326; p < 0.001). This is 
because various agro-ecological zones have different amount of precipitation and 
soil moisture content to support farming activities. The phi value (0.30) indicates 
that there is a moderate significant relationship between drought monitoring and 
agro-ecological zones. Therefore, the decision of a farmer to monitor and time 
drought would depend upon a particular zone where he is located. Rather than 
employing only scientific and orthodox strategies to adapt to drought, the study 
also revealed that the farmers also employ prayers and supplications as means to 
adapt to drought conditions. They offer supplications to Him so that He would 
cause the rain to fall. This could be so because farmers have sociocultural 
perception about climate change and drought. Some farmers attribute the occur- 
rence of climate and drought to the intention of God and other deities (Jarawura 
2013). Hence, farmers combine both spiritual and scientific means to adapt to 
drought. 


Traditionally, we usually call on deities to intercede for us to get the rains. We go round the 
community to pour libation asking the gods of the land to cause rains to fall. And if it rains, 
we thank them [gods] by making animal sacrifice. (Male farmer, savannah zone). During 
droughts, we throw a challenge to the gods of the land to let it rain to prove the that they are 
living gods (Male farmer, Transitional zone). 


In conclusion, farmers employed both scientific and unscientific methods to adapt 
to drought in the selected agro-ecological locations in Ghana. The study reveals 
that drought adaption measures differ significantly among farmers in the Forest, 
Transitional and Savannah zones of Ghana. This finding is in harmony with results 
of various studies (Jarawura 2014; Abid et al. 2015; Bawakyillenuo et al. 2016) 
that climate and drought adaptation strategies are numerous and their implemen- 
tation differs from place to place. This is because farmers’ knowledge of drought 
adaption and their adaptive capacities as well as rainfall and soil properties differ 
from place to place. Therefore, farmers in various geographical locations would 
adapt to drought by adopting different mechanisms. However, the most commonly 
adopted drought adaptation measures comprise application of agro-chemicals, 
changing of planting date, cultivating different crops, integration of crop and 
livestock production, changing the location of crop on yearly basis, diversifying 
from farm to non-farm income generation activities, cultivation of early maturing 
crops, and drought monitoring. 
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Conclusions 


Farmers’ adaptation to drought differs across various agro-ecological locations in 
Ghana and they adapt to drought by employing mixed adaptation strategies. The 
most commonly used drought adaptation strategies include application of agro- 
chemicals, changing planting dates, cultivation of different crops, changing location 
of crops, cultivation of early maturing crops, diversification to non-farm activities, 
integrating crops and livestock production, as well as drought monitoring. Moreover, 
farmers’ choice of specific drought adaptation strategies is a determinant of various 
factors. Farmers’ ecological location acts as the major significant determinant of 
their adoption of all the eight drought adaptation measures. Finally, farmers with 
access to credit facilities and extension services are more likely to adopt farm-based 
drought adaptation measures and less likely to diversify to non-farming activities. 
Ministry of Food Agriculture (MoFA) and the National Disaster Management 
Organization should provide drought relief measures and safety net programs for 
vulnerable smallholder farmers. This also calls for the introduction and implemen- 
tation of crop insurance schemes where farmers would be given the opportunity to 
indemnify their crops against possible loss associated with drought. As a matter of 
mitigating farmers’ vulnerability to drought, both governmental organizations such 
as MoFA and National Climate Research Institute, and other non-governmental 
organizations should help develop, introduce, and implement affordable drought 
adaptation technologies in farming communities. The introduction and cultivation of 
drought-resistant crops, water harvesting, and conservative agriculture practices 
should be promoted among farmers in the country. 
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Abstract 


Climate change impacts a natural and human system on the entire globe. Climate- 
related extreme weather such as drought, floods, and heat waves alters the 
ecosystems that society depends on. Climate, land, energy, and water systems 
(CLEWS) are a critical aspect of high importance on resource availability, 
distribution, and interconnection. The nexus provides a set of guidelines to 
South Africa that aims on creating a level playing field for all sectors while 
achieving the aims of the SDGs that are cross-sectoral and multilevel approaches 
to climate change. The nexus expressed three domains that included resources, 
governance, and security. It integrated a smart climate resilient with inclusion of 
the governance and involvement of the stakeholders. Recognition of spatial and 
sector interdependencies should inform policies, investment and institutional for 
enhancing nexus security and climate change towards making transition green 
carbon deals. The nexus offers an integrated approach that analyzes the trade-offs 
and synergies between the different sectors in order to maximize the efficiency of 
using the resources that adapt institutional and optimum policy arrangements. 
Economic transformation and creation of employment through green economy is 
one of the COP26 green deal agendas in curbing the carbon emissions (green 
house emission, industrial processes, fuel combustion, and fugitive emissions) as 
mitigation to climate change, which is cost-effective and economically efficient. 
The future climate change policy in the developing countries is likely to be both 
promoted by climate technology transfer and public-private cooperation (cross- 
sector partnership) through the technology mechanism of the nexus and inclusion 
of the gender. 


Keywords 


Adaptation - CLEWS : Climate change - Climate technology - Ecosystem : Green 
economy : Policy : Resilience + SDGs : Nexus 


Introduction 


Green revolution, disruption of the natural resources and social-economic impact are 
becoming increasingly in Industry 4.0 (Fourth Industrial Revolution-41R). The is 
due to enhancement of the adaptive capacity for the complex global challenges in 
advanced nexus approach to the sustainable management of climate change, land 
use, water, energy, and food. This serve the paradigmatically that was isolated and 
understanding of the interrelation of the WEF, human well-being, resilient ecosys- 
tem, climate change that coexists within the planetary boundaries. The shift in 
society disruption legion of unfortunate solution to an environment or development 
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challenges that end up creating new, unforeseen problems and dilemma (Newell 
et al. 2019; Matheri et al. 2020). The nexus describes the interconnections and 
interdependencies between the land, water, energy, and food (LWEF) sectors. 
These interdependencies of the LWEF securities have received growing attention 
in the past years by researchers and policy-makers. Lack of understanding of the 
nexus has been described as a major global economic challenge by the World 
Economic Forum. This put forward the nexus approach as a fundamental shift for 
sustainable development (Hassan et al. 2018). A review on the LWEF and land 
utilization needs to be addressed on policy-making and decision-making concerning 
the nexus framework and climate change. This bridges the gap between science and 
policy in the implementation of nexus. More importantly, the nexus can also support 
achieving the United Nations Sustainable Development Goals (SDGs), 2030 
Agenda, because of its close relation to three SDGs: SDG2 “zero hunger,” SDG6 
“clean water and sanitation for all,” SDG7 “affordable and clean energy,” and 
SDG13 “climate action” (Tashtoush et al. 2012). 

The nexus is expressed into three domains that include resources, governance, 
and security. The domain requires inclusion of the policy and institution expertise, 
natural resources use, environmental science, and engineering expertise for the 
mutual perspective of multiple decision-making, solution, and resource recovery 
(Scott et al. 2015, 2018). The priorities areas for climate change include 
decarbonization of the economy, digitization, decentralization of the production, 
transition of 100% renewable energy, carbon taxation (tax the polluters not 
people), access to sustainable finance, assist small island and least developing 
countries, support people affected by climate change, increase accessibility and 
availability of the jobs and livelihood, nature-based solutions, stronger commit- 
ments by the major emitters, and commitments to achieve carbon neutrality by 
2050 (United Nation (UN) 2020). The focus is placed on implementation of the 
nexus concepts with a smart climate resilient on nexus regional dialogue programs 
by United Nations (UN) bodies, World Bank, GIZ, European Union (EU), Africa 
Union (AU), Middle East and North Africa (MENA), and World Economic Forum 
among others. 


Paris Agreement on Climate Change 


Climate change results in disruption of national economies that affect the countries, 
communities, living standards, and flora and fauna. With likely shift of the climate 
zones, long-term, changes of the rainfall patterns, and raising of the temperature, 
climate change shock is expected to increase frequency putting pressure in energy, 
food, water supply, and competition of land ownership in unaffected areas (Stocker 
et al. 2013; Carter and Gulati 2014). The historic Paris agreement provides countries 
with strong global climate change response by keeping the temperature rise below 
2-1.5 °C. It encourages parties and stakeholders to reduce the impacts of the climate 
change (ambition and implementation to ensure highest mitigation and adaptation 
efforts by all parties with building climate resilience). 
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The intergovernmental climate change panels have recorded the following: 


* 1901-2010: Warm oceans and diminishing snows and ice by 1.07 million km? 
with rise of the sea levels by 19 cm 

* 1880-2012: Increase of the temperature by 0.85 °C due to warmer climate 

* 1990 to date: Global emission of the CO; that has increased by 50% 


The agreement solidifies international cooperation on investment of a low-emis- 
sion economy (green economy) that contains transparency framework, mutual trust, 
and confidence. Industry 4.0 1s overseeing the scalable, affordable solutions that are 
more resilient to the economy and mostly helping the developing countries toward 
the low-carbon economy. Major technologies and institutions will see a shift of 
containing and ensuring that global warming does not exceed the threshold. SDG 13 
defines the commitment by strengthening resilience and adaptive capacity; integrat- 
ing climate change strategies, policies, and planning; creating awareness on adapta- 
tion, mitigation, and impact reduction; and implementing meaningful mitigation 
again and transparency through UNFCCC (United Nation Framework Convention 
on Climate Change) framework and inclusion of the marginalized communities and 
planning and management (SDGs, UN 2019). The impact of the climate change will 
be amplified through interdependence and interconnection among the resources, 
land, water, energy, and food. 


Climate-Land-Water-Energy-Food Nexus 


The global web of mutual interlinkages defines the climate-land-water-energy-food 
nexus on societal changes that drive growth and demand. The ongoing disruption of 
the environment is likely to alter the accessibility or availability of land, energy, 
water, and food that is central to climate change policies and natural resource 
management (Markantonis et al. 2019). Holistic and integrated approaches to 
resource planning and management have been largely embraced by decision-makers 
and stakeholders although the benefits of the nexus approach may appear obvious to 
its advocates. The nexus is related to integrated management, consumption, eco- 
nomic resources, policy, security, and approach. The nexus concept needs to be 
approached beyond the research and development domain. 

The WEF nexus has emerged as a useful disruption in Industry 4.0 in under- 
standing multiple interdependencies that coexist between land use, water, energy, 
food, and climate change. It is a multidisciplinary that cuts across both state and 
non-state sectors. The WEF has potential to unlock groundbreaking solutions to 
complex problems with appropriate models and climate change mitigation. The is 
expressed as National Development Plans (NDP) and United Nations Sustainable 
Development Goals (SDG) that are emerging in the international agenda at the 
World Economic Forum on understanding the link between use of resources in 
providing universal basic rights and climate protection (Seeliger et al. 2018). This 
was welcomed by the Conference of Parties (COP) by the UNFCCC on 
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Fig. 1 The water-energy-food nexus concept. Source: IW: LEARN, Germany 2014 


enhancement of climate technologies’ development and knowledge transfer 
through the technology mechanisms of greater public-private cooperation 
(cross-sector partnerships). This is through the action on climate and SDGs, 
climate technology, education, youth, gender, having open-source information 
and intellectual properties, climate finance, adaptation and resilience, and capac- 
ity building (Forsyth 2007; Forsyth 2005; COP25 20192, b). Figure 1 shows the 
WEF nexus concept. 

The nexus can provide technology, innovation, and analytical framework by 
complementing design principles and new policy perspectives for the CLEWS’ 
security policy. Building future planned actions on nexus needs advanced research 
and development (R&D) such as cost action and Horizon 2020. The role ofthe WEF 
nexus is gaining increasing attention in the region from developing countries, which 
is a partner in the Nexus Regional Dialogues Programme (NRDP) with an aim to 
create an enabling environment that drives implementation and cross-sectoral 
engagement of nexus investment projects. The intention is to provide decision- 
makers with prospects where the theory of the nexus concept has been made 
operational. 

The C40 cities program seeks to build and identify opportunities and build 
evidence benefits of climate action synergies within the climate, water, and energy 
nexus. C40 cities have built a platform of networks, adaptation, communications, 
finance, and other programs on taking bold climate actions that are healthier and 
more sustainable to resilient cities (C40 2020). 
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Specific to Agenda 2030, 4 of the 17 SDGs are directly related to the food, water, 
and energy sectors (Tashtoush et al. 2012; United Nation (UN) 2015): 


* SDG2 (Zero Hunger): End hunger, achieve improved nutrition and food security, 
and promote sustainable agriculture. 

* SDG 6 (Clean Water and Sanitation): Ensure availability and sustainable man- 
agement of sanitation and water for all. 

* SDG 7 (Affordable and Clean Energy): Ensure access to reliable, affordable, 
sustainable, and modern energy for all. 

* SDG 13 (Climate Action): Taking action to combat climate change and the 
impacts. 


Although these four goals directly relate to the individual areas of climate change, 
water, energy, and food security, progress in 12 of the 17 SDGs is directly related to 
the sustainable use of resources. Some goals cannot be achieved without a holistic 
view of the nexus. 


Energy Security and Pursuit of Water, Food, and Earth System 
Resilience 


Energy security exists where there is uninterrupted availability of energy sources and 
distribution at an affordable price to the consumers. With frequent power rationing 
(load shedding) in many African countries that ranges in hours, this remains a dream 
in achieving adequate energy production, stable tariffs, relax policies on independent 
power production (IPP), political stability, intelligent distribution of energy, green 
buildings, smart metering, energy auction, bidding and pricing, self-driving cars, 
electronic cars, energy storage, smart cars, high-speed trains, next-generation GPS 
devices, autonomous vehicles, gyroscopic vehicles, smart roads, hyperloops, micro- 
mobility, intelligent electric vehicle networks, etc. All of this lies on policies and 
politics. 

The food challenges from energy perspectives include increasing food 
cooling systems; energy-intensive farm operations; local food chains that is 
minimizing transport energy; extended crop seasons; artificial intelligence and 
blockchain technology on food tracking systems; use of remote sensing tech- 
nology (i.e., drone use for mapping, irrigation, and spraying) to monitor food 
production, spraying and irrigation; use of hydroponic and aeroponics for urban 
farming; use of drone to monitor crop production and pest controls; use of 
robotics technology in farming; and use of artificial intelligence in detecting 
crop diseases at an early state which all needs intensive use of energy and 
technology literacy. 

The water challenges from energy perspectives include energy intensive of 
desalination, water reuse, rising demand for carbon-free energy systems, climate 
change raises water needs of energy, water allocation to energy generation, water 
capture from atmosphere (humid ambient air) using solar-powered devices, and 
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Fig. 2 Conceptual framework of the regional water-energy-food nexus action plan 


decentralized wastewater treatment (online wastewater treatment and monitoring 
using sensors). 

The future of transportation lies on our behavior, culture, taboos, and way of life. 
How often one drives the vehicles, the mode of transport we take, the types of fuels 
we use, an investment in public transportation, compensation due to shift and 
investment on green energy (green funding), congestion charges, and more vehi- 
cle-pooling and ride-hailing services justify dependence toward zero emission and 
thus mitigation to climate change. Figure 2 shows the conceptual framework of the 
water-energy-food action plan (Nhamo et al. 2018; Chirisa and Bandauko 2015). 


Reliable Integrated Waste Management and Nexus 

The populace development, urbanization, economic advancement, and improvement 
in expectations for everyday comforts in disruption of Industry 4.0 (AIR) have 
increased the amount of the waste generation in the cities and reintroduction of the 
emerging contaminants into waste streams. These wastes pose sanitary, health 
hazard, and environmental risks. These contaminants end up in water bodies and 
landfills, prompting to pollution of the entire environment, thus putting a high strain 
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on social, economic, health sector, and climate change. Tackling integrated waste 
management disruption and energy security requires stipulated regulation and pol- 
icies that coordinate waste administration frameworks. The future of digital disrup- 
tion and transformation of industrial platform, energy-water-food generation lies on 
the decarbonation, decentralization, electrification, and digitalization (sustainable 
industrialization and diversification in the digital era). Technologies in the era of 
digital transformation are becoming commercially viable to the integrated systems 
and services that enable sustainable management and efficient integrated waste 
management (IWM), energy production, and use. Reliable IWM and data provide 
an all-inclusive resource for a critical, comprehensive, and informative evaluation of 
IWM options in all integrated waste management programs. Optimized programmed 
operations using predictive analytics (i.e., convectional and AI modelling), big data, 
blockchain, e-citizens, fintech, and data mining are the fundamental apparatuses 
generally used to assess the policy impact and technology of savvy arrangements, 
just as to design the most ideal approaches to move from current to more intelligent 
urban areas. There are several obstacles confronting municipal solid waste manage- 
ment within the cities. Some of such obstacles are interrelation of urbanization and 
economic growth; change of living standards that causes complexity of the waste 
stream; overstretching of the superannuated infrastructure; lack of location and 
facilities to expedite waste separation at source; Intelligent Network Infrastructure 
(tracking collectors, IoT bins, automated recycler with incentive to users, available 
recycle plants); and integrated waste management technologies that are handy and 
costly compared to landfilling and composting. Detachment of waste at the source 
and embracing zero waste financial motivation urge a family to diminish squander. 

The organic waste can be changed over to vitality utilizing waste to vitality 
elective courses that incorporate transformation, gasification, combustion, pyrolysis 
and liquefaction, organic procedures, aging, hydrolysis, and anaerobic assimilation 
for biogas and biomethane creation. An investigation waste quantification to assess 
the sustainability, characterization to assess the composition, and anaerobic digestion 
to assess the amount and quality of energy (CH4) generated by the City of Johan- 
nesburg were carried by a team of researchers (University of Johannesburg). The 
outcomes indicated that 1,444,772 tons per annum of local waste were created in the 
city of six million residents consistently as announced by the City of Johannesburg 
(CoJ), South Africa Pikitup (2017). Littering alone costs the city 5.7 million dollars 
every year, while illicit dumping costs another 6.2 million dollars for each annum. 
Organic waste can be changed over to vitality utilizing waste or vitality elective 
courses that incorporate transformation, gasification, combustion, pyrolysis and 
liquefaction, organic procedures, aging, hydrolysis, fermentation, and anaerobic 
assimilation for biogas and biomethane creation. Recyclable squander (paper/paper- 
boards, plastics, and glass) was the second biggest part 1296, 1996, and 99^, 
respectively (Matheri et al. 2018a, b; Matheri 2016, 2020; Fig. 3). 

The generated biomasses had potential of the alternative clean fuel production to 
meet the energy security and climate change mitigation. The physiochemical prop- 
erties of the biomass showed the energy value equivalent to natural gas. The 
generated energy will contribute to a reliable, affordable, carbon-neutral, sustainable 
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Fig. 3 Quantification of waste generated by the City of Johannesburg, South Africa 


form of modern energy. This will help in the development of the conservation of 
biodiversity, waste management, poverty eradication, and adequate waste to energy 
recovery management strategies and improve living standards of the citizens 
(Matheri 2016). The energy system disruption will assist to bridge the gap in the 
implementation of the SDGs and fourth industrial revolution. The high number of 
plastic calls for the introduction of the bioplastics to protect the flora and fauna. This 
adds up pressure on the added value recycling and reduction of waste to landfills. 
The climate change future policy in developing countries is likely to be both 
promoted by climate technology transfer and public-private cooperation (cross- 
sector partnership) through the technology mechanism of the nexus and inclusion 
of the gender. 


Water Security and Pursuit of Energy, Food, and Earth System 
Resilience 


Water is inseparably linked to food and energy production. The interdependence of 
energy on water is seen in transport, extraction, power generation, irrigation of 
biofuel crops, processing of fossil fuels, fuel cells, energy storage, etc. (Birol 
2012). The emerging issues are cultivated on the regions that are facing adoption 
of the appropriate water management policies, water scarcity, and approaches 
fostering the allocation and sustainable use of resources while promoting economic 
growth. Due to human activities and availability of the water resources, Africa is one 
of the most vulnerable regions. In order to maximize the efficiency of using the 
resources, nexus is offering an integrated approach that analyzes the synergies and 
trade-offs between different sectors whereas adapting optimum institutional and 
policy arrangements (Markantonis et al. 2019). Lifecycle approaches are widely 
used by the industry for the assessment of the risk water management. The absence 
of lifecycle database to complement developing countries’ databases is a challenging 
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issue that extensively improved the national accounting system. More positive 
economic opportunities are created in desalination technologies, smart metering, 
leak detection (prevent water loss), online water treatment, sensor technology in 
parameters detection, and smart use of ecosystems to collect and store water and 
carbon. Water security encourages the population to increase capacity of sustainable 
water access with adequate quality and quantities for human well-being, sustaining 
livelihoods and socioeconomic development. This ensures the protection against 
water-borne diseases, emerging contaminants, and water-related disasters by pre- 
serving a climate with peaceful ecosystems and political stability (Hassan et al. 
2018; Matheri 2020; UN Water 2013). 

The food challenges from water perspectives include raises irrigation demands, 
diminishing institutional that influences the irrigation schemes, groundwater 
pumped variables, production shifts poleward, higher elevation, water and waste- 
water treatment and reuse of the resources (Scott et al. 2018). The energy challenges 
from water perspectives include low water footprint solar PV and wind, dry cooled 
thermogeneration, water footprint of multiple energy portfolios, energy generation 
degrades water quality, energy generation from water resources (hydropower, fuel 
cells, anaerobic digestion), and energy storage (Scott et al. 2018). Construction of 
the decentralized solar-powered desalination systems in the dry areas will be one of 
the game changer deployments of the sustainable technology solution in disadvan- 
taged communities in developing countries. This helps bring millions of liters and 
address perennial water shortage and thus reduction of water-borne diseases. 


Water Pricing 

Water pricing currently is often underestimated which is fundamentally of impor- 
tance in the economic issues that affect the implementation of the nexus on water 
use. Water pricing is an economic instrument which efficiency depends on the 
designed and implementation of the WEF nexus framework and investment. This 
is with regard to the policy choice, economic pursuit, realities, environmental, social, 
opportunity cost, and cultural cost. Developing countries’ adaptation of the EU 
members' states law and policies on water pricing is one of the key goals in 
sustainable development (Markantonis et al. 2019). 


Food Security and Pursuit of Water, Energy, and Earth System 
Resilience 


Food production needs energy, productive land, and water to grow crops, process 
food, and maintain livestock. Organic fraction of waste can also be put into value by 
converting and generating energy via anaerobic digestion and fermentation pro- 
cesses, while other technologies go more to gasification and direct combustion to 
generate energy and organic fertilizers (Matheri 2020). Such bidirectional links are 
complicated by the specific external factors that modify the chemical and physical 
characteristics and composition of water flows. Food consumption (changing dietary 
habits) and generation ofthe food waste have large effects on the nexus. This is yet to 
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be accounted in SDGs and cannot be treated with isolation from one another and 
alternative in the attainable chosen pathways in the water and food systems. Food 
security exists when everyone, at all times, has economic and physical access to 
adequate nutritious, safe, and sufficient food that meets their specific dietary prefer- 
ence and needs for an healthy and active life (Hassan et al. 2018). The water 
challenges from food perspectives include land degradation (salinization), water 
use, wastewater use for food production, supplemental irrigation of rainfed land, 
high water footprint of agriculture, and ensuring water allocation to irrigation. The 
energy challenges from food perspectives include mitigate hydropower-farming 
trade-offs, energy intensification of agriculture, energy intensification of the biofuel 
production and food transport, and competition between energy production and food 
security. One of the futures of food in climate change is podcast on the plant-based 
meat change to counteract the intensive use of energy. 


Biophysical and Biogeochemical Land-Climate Systems 


The evidence of the land cover matters and climate systems is on early paleoclimate 
model studies and impacts on human-induced deforestation at margined regions. 
Changes from land conditions due to human activities affect the global climate 
change. This is driven by changes in emission removals of the GHGs (e.g., CH4, 
CO», N20) by biogeochemical effects. Any land redistribution and local changes on 
the water vapor and energy between the land and atmosphere influence the biophys- 
ical effects on regional climate. The terrestrial biosphere interacts with oceans 
through influx of nutrients, carbon cycle, water, and particles. This interaction affects 
crop yield, frequency heat waves, intensive heat waves, rainfall, and air quality. Land 
has net sources of 441% of the CH, emission between 2006 and 2017. IPCC has 
established GHG inventories and earth system models (ESM) on deforestation and 
afforestation as to reduce the anthropogenic CO» emission. This combines biophys- 
ical and biogeochemical processes to the land-climate system processes. IPCC 
reports that about one-quarter of 2030 mitigation pledges by countries in initial 
nationally determined contributions (NDCs) under Paris Agreement is expected to 
come from land-based mitigation (Jia et al. 2019). Some of the mitigation responses 
have a response option on technical potential for >3 GtCO» year ! by 2050 
through reduction of the carbon dioxide. These technical aspects include afforesta- 
tion, waste to energy (bioenergy), wastewater recycle, and carbon capture and 
storage (carbon dioxide removal-CDR). The estimate includes sustainability and 
cost consideration with social-economic consideration on the climate changes or 
non-GHG climate forcing. Rising CO» concentration limits stomatal opening of the 
moisture content in the soil, thus reducing transpiration (land-based water cycle/ 
hydrological on climate change). This increases the aerosol levels, declines surface 
winds, and increases solar radiation to the ground. The impact of the climate-related 
extremes on land includes the disruption of the water-energy-food production and 
supply chain, alteration of the ecosystems, hydrological cycle, surface temperature, 
atmosphere composition, morbidity and mortality, and damages of the infrastructure 
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and settlements and human health. Advanced knowledge and optimization of the 
mitigation and adaptation with coordination of the sustainable land use and man- 
agement across all sectors are required to achieve better livelihood, food security, 
energy security, and water security and improve human health, biodiversity, quality 
of the local environment, and equitable sustainable development. This is through the 
modification of the regional and global climate change, seasonal and annual climate 
variation, extreme weather, and human activities on the land, e.g., deforestation, 
afforestation, and forest management. Incorporating land-climate processes into 
climate projection allows emotional intelligence and artificial intelligence to take 
shape through understanding land's response to climate action and better quantify 
the potential of land-based response options for the mitigation of climate change (Jia 
et al. 2019). 


Nexus Contributions to Job Market 


When developing or implementing a nexus, approaches with regard to minimization 
of high transaction costs should be an added value in economic measurement. 
Furthermore, energy and water generation and distribution have high characteristics 
of being monopolized in the developing countries. This creates merits and demerits 
to the end users. In general, the CLEWS’ nexus has great potential to create new job 
opportunities and improving living standards in the developing countries. There is a 
higher need to accelerate the process of the WEF management of emergence of new 
employment opportunities. Investment of the research and development and 
implementations on nexus approaches could induce a positive economic effect 
through job creation. Other disrupted sectors should further be redeveloped, 
attracting additional meaningful investments and producing new employments 
within a nexus framework of policies and governance, auditing, and monitoring. 
Governments have the biggest role to play in the nexus implementation either by 
making relevant policies or providing funding that subsidizes new technologies and 
contributes to the welfare of society and enrichment of the emerging market gap. 


Carbon Tax 


Developing countries’ economic transformation and creation of employment 
through green economy and digitalization will be one of the COP26 green deal 
agendas. This is with the transition of the national development goals (NDG) 2030 
and transition of the low-carbon economy and sustainable development goals as per 
the economic partnership agreement between the European Union (EU) and devel- 
oping countries. The commitment through policy-making is paramount in the carbon 
taxation. The carbon tax is levied on carbon content of fuels (energy and transport 
sector) and carbon emission trading in the form of carbon pricing (CO, equivalent 
tax/pollution tax). The tax offers potentially cost-effective means of the reduction of 
the greenhouse gas emissions by shifting the cost from society to companies that 
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create the emissions (the more the emission, the more the cost). South Africa has 
spearheaded the developing countries in the carbon tax 2019 (carbon tax act No.15 
of 2019) meant to curb the carbon emissions (green house emission, industrial 
processes, fuel combustion, and fugitive emissions) as mitigation to climate change, 
which is cost-effective and economically efficient. The cost of the impact of climate 
change to food pricing, water, infrastructure, health, conflict, and disasters tends to 
shift to polluters (global economy shifts toward lower carbon economy). The impact 
of crop disease and rainfall changes, extreme storms and drought, and temperature 
changes has shift changes in food prices and food security. This has direct impact on 
the carbon taxation (Republic of South Africa ZA 2019). 


Data-Driven Nexus 


Itisa big challenge to relatively obtain national data for the nexus. Small numbers of 
bodies (e.g., IRENA. World Bank, IEA, UN) share production, transformation, and 
consumption data. This remains a key challenge in the mitigation of climate change. 
Examples os data include water evaporations rates from hydro-powers, flood con- 
trols or irrigation, water requirement in energy production and food production, 
mixed SI units on the data presentations, pattern use of water with regard to 
locations. Data gap is even larger if fully life cycle of the technology is considered 
(Ferroukhi et al. 2015). 

Matters concerning the big data in nexus' availability and accessibility should be 
of high priority in policy-making. Nexus is based on a holistic environmental and 
economic perspective, which should use reliable, consistent, and comprehensive 
data. It is also imperative that data source across the nexus sectors is comparable in 
terms of resolution and accuracy. Efficiency in implementation of the nexus is 
dependent on high-accuracy economic databases that support sustainability. 
Research and development, scientific institutions, and stakeholders can initiate the 
collection of open data, in order to build a sustainable database for analyzing the 
nexus. This can add value and be generated only through workable partnerships 
between the private-public sector, NGOs, knowledge institutes, and local and 
regional stakeholders (Markantonis et al. 2019). 


Industry 4.0 in Nexus and Climate Resilient 


The nexus pillars of sustainable development need to be explored in the numerical 
modelling (i.e, economic modelling; kinetic modelling; life cycle assessment 
(LCA); WEF modelling; multi-criteria decision analysis (MCDA); CLEWS’ model- 
ling; resource flow; network analysis; remote sensing, geospatial, and hydrologic 
models; finance models; climate models; material and energy models; land-use 
models; institutional analysis; environmental management; indicator models; social 
science and integration models; system analysis) (Albrecht et al. 2018). The climate 
change estimation is based on the sparse station coverage, particularly on scrutiny of 


1066 A. N. Matheri et al. 


Climate Models (GCM) 


. - Rainfall Reductions in Climate Change Scenarios _ 
N ó 


Energy 


- Energy for meeting urban Model - . 
water demand - Energy for fertilizer production 
- Energy for irrigaiton (LEAP) - Energy for field preparation 


(irrigation) 
- Sugarcane and other biofuel 
feed stocks production 


- Available water for hydropower 
- Energy for desalination 

- Water for power plant cooling 

- Water for (bio-)fuel processing 


Water Land Use 
Model Model 
(WEAP) (AEZ) 


CLEWS RESULTS 
Water and Cost Balances 


Greenhouse Gas Emissions, Energy, 


- Water needs for sugarcane 
(rain fed and irrigated) 
- Water needs for alternative food and 
fuel crops (rain fed and irrigated) 
D 


^X. J 
AN 


Fig. 4 The CLEWS’ framework founded upon the LEAP, WEAP, AEZ, and GCM models 


GDP data. Lack of transparency in data sources and collection methods, lack of 
details on methods of aggression, and lack of metadata have led to differences 
between GDP estimates, adjustment to historical data, nonrandom errors, and inho- 
mogeneity in time series. Good quality data is paramount to reliable physical and 
economic modelling of the nexus and climate sector (Conway et al. 2015). Climate, 
land, energy, and water systems (CLEWS) are integrated. The CLEWS’ resource 
assessment and interlinkages with new paradigms are presented in Fig. 4 (Howells 
et al. 2013; Welsch et al. 2014). 

The CLEWS serve as highlights and dynamics that overlook the system approach 
to sustainable development. The CLEWS’ framework is developed by integrating 
the LEAP (energy), WEAP (water), GCM (general circulation model, climate), and 
AEZ (agroecological zoning, land) to produce the GHG emissions, water, and 
energy balance. The model outcome exercises policy development and resource 
assessment approach through linking existing single-resource modelling tools 
(Howells et al. 2013; World Bank Group (WBG) 2016). 


Modelling of the Water-Energy-Food-Land-Climate Nexus 


The climate-water-energy-food-land are indirectly and directly interlinking. Nexus 
unique assessment and monitoring is based on indicators and interlinkages to better 
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understand the potential synergies and trade-offs. Quantification and characteriza- 
tion are mostly needed in decision-making. Nexus modelling and framework are 
classified as (Hassan et al. 2018; Bizikova et al. 2013): 


* Type of models: quantitative analysis models, simulation models, and integrated 
models 
* Geographical scale in addressing intercountry levels 


Figure 5 indicates the components of the nexus assessment (Hassan et al. 2018). 

For example, assuming change in water (AW), reduces freshwater availability and 
create shift in energy (AE) with limiting cooling power that leads to load shedding 
(power rationing) and water scrubber thus increase shift of climate change (AC) and 
land use. The interlinkages are unique and can go to any directions. The 20 
interlinkages are summarized below: 


* Water: WL, WF, WE, WC 
* Energy: WL, EF, EC, EW 
* Land: LF. LW, LC, LE 
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* Food: FE, FE, FL, FC 
* Climate: CF, CW, CE, CL 


The analysis of the interlinkages can be analyzed well by the use of artificial 
intelligence tools (e.g., artificial neural network, ANN), statistical tools (e.g., multi- 
criteria decision analysis (MCDA)), and conventional modelling concepts. The 
nexus pathways can be restructured in the first to fourth order. Similar nexus can 
be constructed with fourth-order interlinkages for the whole nexus making it 120 
(Laspidou et al. 2018). The multicentric approach will add complexity with inter- 
connection, trade-offs, and drives on nexus assessments (Simpson and Jewitt 
2019). 


Adaptation of Climate Change Technology Transfer in 
Developing Countries 


Currently, combating anthropogenic climate change in developing countries is 
carried out through the transfer of environmentally sound technologies (EST). 
This is a widely recognized priority for global environmental policy. Climate 
change technology transfer and policy analytics are of high success factors under- 
lying collaboration between private and public sectors in developing countries. 
Climate change future policies in developing countries are likely to both be 
promoted by climate technology transfer and public-private cooperation (cross- 
sector partnership) through the technology mechanism of the water-energy-food 
nexus and inclusion of the gender. Building partnership mechanisms can reduce 
cost and increase local clean development mechanisms (CDM). The difficulties in 
achieving the CDM include first a sidelined investment by investors on diversifying 
a project away from cheap forms of climate change mitigation by increasing cost 
and broader development outcomes. Second, the technology dividends are uncer- 
tain and often reflect on preference of host government or deliberative processes 
involving the stakeholders. Third, green climate fund shortage or project investment 
guidelines combine production cost, human capacity, and innovator multi- 
disciplinary. Overcoming the barrier allows the smart climate-resilient and efficient 
integrated energy-water-food nexus system in a developing country: Industry 4.0 
with climate change friendly investment to proceed quicker and implement the 
development dividend (Forsyth 2007). The costs of climate technology transfer and 
increase local representation in establishing the development dividend can be 
reduced by cross-sector partnerships (CSPs). CSPs can comprise of orthodox 
public-private partnerships, where governments make contracts with a private- 
sector company in order to provide Intelligent Network Infrastructure or services 
more efficient than the state (Forsyth 2005, 2007). Climate change policy and 
technology transfer minimize the transaction costs, strengthen the collaboration, 
build capacity, increase public trust and accountability, and enhance environmental 
governance under the climate change convention and application of the CDM 
(Forsyth 2005; COP25 2019b). 
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Nexus and Research Gap 


The concept of the nexus has been received in the business, academics, and policy 
sectors with a few implemented projects on the ground. The major discussion is how 
to implement and shift from the ideal concept of the theory based on practice and 
policies. The nexus methodology emphasis on water-food is majorly researched on 
hydrological, ecological, and agronomic integrated models and analysis with limited 
focus on the governance issues of the resources. Versatile methodology to quantify 
the interlinkages between the WEF and climate change is required. Improving the 
formulating existing methodology and practices is of high priority to advancing the 
adoption of the nexus approach. Lack of the reliable data (big data/open source) in 
the digitalization, electrification, decentralization, and decarbonation world (fourth 
industrial revolution, Industry 4.0) is a major barrier toward implementation of the 
WEF nexus approach. Lack of the reliable comprehensive analytic tools is another 
highlighted concern. Development of critical soft skills (sciences/social/business, 
STEM) in integrated software and online platform is helpful in addressing the 
potential synergies and trade-offs in the nexus. Convectional models and AI-based 
models’ development is of a big challenge, and a big question is how nexus and 
climate change interact and are quantified. In providing important strategies for the 
SDGs, the integrated models and managements for developing countries is 
enhanced. 

Climate change on the WEF 1s another critical aspect of high importance on 
resource availability, distribution, and interconnection to the WEF. How does cli- 
mate change affect the nexus? What are the impacts of climate change to the nexus? 
Which agent of change needs to be implemented in WEF NEXUS? Is there political 
good will in the addressing climate change? What are the governance and policy 
coordination in place? These fundamental aspects can be addressed based on smart 
climate-resilient and efficient climate change adaptation, international commitment, 
corporation and stewardship, new and refurbished green infrastructure projects, 
green funding, reward and awarding the environmental champions, and payment 
for ecosystem services (Hassan et al. 2018). The methodological challenge, sup- 
ports, and opportunities that are associated with robust quantification of the WEF 
nexus are indicated in Fig. 6 (Chang et al. 2016): 


Analytics Framework 


The nexus provides a set of guidelines that aims in creating a great and equal level 
playing field for all sectors while achieving the aims of the SDGs that are multilevel 
approach and cross-sectoral to climate change. This comprises of six categories 
(Hoff et al. 2019): 


* Nexus framing creates specific understanding on key issues from that which 
explores the interlinkages between the different sectors and resources. 
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Nexus opportunities create a category on how to identify a new approach and 
adding values in context by improving cross resources productivity, reducing 
resources and environmental degradation, reducing human insecurities/unem- 
ployment/poverty, and increasing climate resilience. 

Technical and economic nexus (nexus savings) assesses possible potential bene- 
fits from implementation of nexus approaches through multifunctioning produc- 
tion systems, cross resources, and cross-sector recycling. 

Stakeholders’ involvement specifies different types and levels of stakeholders 
involved in the nexus, e.g., private-public sectors and civil society in overseeing 
the implementations. 

Conditions' framework addresses factors such as policies, technical solution, 
scalability, initialization, bridging mechanisms, integration of SDGs and NDGs, 
and innovations (start-ups, incubation, and entrepreneurship). 

Monitoring and evaluation (M&E) serves as an indicator for the required data for 
implementation of the nexus. This is because it is dynamic objectives, composi- 
tion of stakeholders, and processes. 


The overall methodology of the WEF nexus management approach is performed 


in three steps (see Fig. 7): (1) overview characterization (identifying and quantifying 
the connectivity between nexuses), (2) integrated models and analysis (climate-land- 
energy-water) of the nexus system, and (3) performing future management scenarios 
to help policy and decision-making (Tashtoush et al. 2012). 


The nexus framework is seconded by the holistic resources planning showed in 


Fig. 8 (Kulat et al. 2019). 
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Nexus Securities and Environmental Protection 


Climate change intensifies high competition and trade-offs between the WEF 
resources. The potential impact of the climate change is manifested by rise in 
temperature, more energy demand, and more water demand. Urbanization and 
population increase (industrialization) account for the 75% of the energy consump- 
tion and emission of the 75% of the greenhouse gases (GHGs). This creates high 
opportunities for the decentralization, decarbonization, and digitalization systems 
that improve the resource efficiency and implementation of the nexus approached. 
Suitable adaptation ofthe climate change demands efficient use of water, energy, and 
food resources to fight against vulnerability. Figure 9 illustrates the conceptual 
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diagram of the WEF nexus with link between the WEF and climate change integra- 
tion (Tashtoush et al. 2012). 

The global emission of carbon dioxide has increased with almost 5096 since 1990. 
The SDGs and NDGs cannot be achieved without addressing the climate emergence 
(SDGs, UN 2019). The region that is vulnerable to climate change encourages to 
adapt measures that are implementable and have surety of the WEF security. 
Enhancing efficiency of small-scale water supply systems and consolidated small 
services helps reduce vulnerability to climate change of the systems (policy initiative 
to adapt the climate change in water sector); collaboration in data collection and 
analysis to mitigation of climate change are key to sustainability of the WEF nexus. 
Adaptation of the climate change can be improved by building ecological networks 
that connect ecological to local governments, thus improving decision-making. 
Spatial equilibrium models seek to optimize resource allocation in various scales, 
thus providing realistic estimates of the value and into accounting alternative use of 
the disrupting technology. WEF nexus needs to be integrated to a smart climate 
resilient with inclusion of the governance and stakeholders. This serves as a com- 
prehensive tool in decision-making toward sustainable resources in climate change 
(Volk 2014; Daher and Mohtar 2015). Recognition of spatial and sector interdepen- 
dencies should inform policies, investment, and institutions for enhancing WEF 
security and climate change (Conway et al. 2015). 


Policy and Governance (Coordination and Collaboration) for 
Climate Change 


Climate gas (GHG) emissions and climate risks in countries are not only city 
government's concerns but also rural government oversight concerns (climate gov- 
ernance). The drivers, consequences, and dynamics of climate change cut across 
jurisdictional boundaries that require collaboration and coordination of governance 
across nongovernment and government sectors. Climate change governance is 
within broader political and social-economic context negotiable with Conference 
of the Parties (COP) to the UNFCCC (Romero-Lankao et al. 2018). Strategies, 
policies, and plans provide guidelines and framework for practical coordination 
and collaboration on CLEWS. Overarching climate change policies integrate the 
practical collaboration and giving timeline to the policies and their inclusion of 
climate changes and nexus. Persistence of these strategies recognized a gap in 
governance (policies and planning). The emphases on a formal model of contract 
may disincentivize regular collaboration and not only the barrier to cross-sector 
collaboration and coordination but budge and financial agreements. The issues of the 
regional security (power imbalance) are a sector interest overriding the climate 
change agenda. The integrations of the national-level strategies, planning, policies, 
and age and gender inclusion encourage action on climate change (Pardoe et al. 
2018). Increase policy synergies among transformative investments that require a 
holistic approach with process innovation that fueled a higher level of nonhuman and 
human capital. Formation of the transboundary with globalized decision-makers 
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creates integration and enhances benefits through the climate-land and WEF nexus 
and equitable distribution. Creation and promotion of the gender equality environ- 
ment enhances the nexus investments and implementations with enhanced family 
wealth that widens skills and knowledge (Mishra et al. 2019; RES4 Africa Founda- 
tion 2018). Collaborative, informed decision-making and equitable needs in trans- 
formation response of the climate change as well as fundamentals of the legal 
framework, leadership, land-use regime, land ownership, energy use, food produc- 
tion and distribution, public participation, information sharing, financial resources, 
growth, and ethos shape the climate change governance (Romero-Lankao et al. 
2018). The three fundamentals of planning are presented in Fig. 9. It consists of 
the development conflict, resources, and property with three broad political/social 
institutions to manage environmental justice, regulation, environmental economics, 
and social welfare (Campbell 2013; Fig. 10). 

Despite deficiency, state, government, provinces, municipalities, counties, and 
nongovernmental and governmental action on addressing climate change the juris- 
diction over many dimensions of adaptation and mitigations reside on financial and 
technical capability and policies that hold greatest potential to create legitimate and 
effective response strategies (Romero-Lankao et al. 2018). 


Equity, Climate Change, and Environmental Justice 


Major cities are characterized by socioeconomics of different diversifications that 
are often accompanied with the stratification on gender, race, professional classes, 
cultures, age, ethnicity, and ability. This gives rise to endure climate stresses and 
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minimize climate risks. Lower social class, disadvantages in the community, 
hazard prone areas, ethnics, and racial minorities increase their susceptibility to 
the impact of climate change and reduce their capacity to adapt (Rosenzweig et al. 
2015). 

Climate change vulnerability is driven by (1) resource influence by social char- 
acteristics, (2) ineffective planning and absence of community engagement due to 
governance and institutional weaknesses, (3) failure of the urban developers in 
providing accessibility to critical infrastructures and services, and (4) occupational 
health that leads to physical exposure at different levels. As the climate event such as 
drought in prone areas becomes more frequent and intense, this can increase the 
scale and depth of poverty overall. Gender inequality is pervasive and cuts across to 
disability, income, and literacy that in turn contribute to differential consequences of 
climate change. Mobilization of the resources increases environmental justice, and 
equity of climate change requires participation of the locals, international bodies in 
involvement of the nontraditional resources, finance civil society, public-private 
sector, monitoring and evaluation, and principles of transparency (Reckien et al. 
2018). Figure 11 indicates the interconnected benefits and dimensions of inclusive 
climate action. 


Fig. 11 Interconnected benefits and dimensions of inclusive climate action (Reckien et al. 2018) 
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The primary goal in achieving environmental justice and equity in climate change 
is for the urban climate policies to foster human beings, economic and sustainable 
social development, social capital, access to land, security tenure, risk reduction 
infrastructure, access to CLEWS; integrate community and stakeholders, in deci- 
sion-making; adjust climate change policies by ensuring resilience and equity goals; 
and develop a periodic monitoring and evaluation using fair indicators and progress 
measurement, resilience objective and feasibility, equitable resources, budgetary 
transparency, resource allocation. scheme, and equitable resilience outcomes 
(Rosenzweig et al. 2015; Reckien et al. 2018). 


Conclusion and Recommendations 


The CLEWS nexus is a concept of integration that accesses the resources such as 
water, food, and energy that are inextricably dependent and linked to one another and 
have a strong interaction with the environment and climate change. The 
interlinkages exist between nexuses that manifest in providing exploring opportuni- 
ties that explore the disruption, policies, and alternatives for increasing the use of 
resources and sustainable resources management and minimizing the environmental 
impacts. The nexus and climate resilience offer great opportunities that integrate and 
manage the disruptive technology in a more sustainable manner by promoting local 
and regional cooperation and peace; harmonizing the policies, legislation, and 
strategies; creating proper resource coordination; improving resilience; and reducing 
vulnerability to attainment of the region integration in-line with SDGs. The impact 
of the climate-related extreme on land includes the disruption of the water-energy- 
food production and supply chain, alteration of the ecosystems, morbidity and 
mortality, and damages of the infrastructure, settlements, and human health. 
Advanced knowledge and optimization of the mitigation and adaptation with coor- 
dination of the sustainable land use and management across all sectors are required 
to achieve better livelihood, food security, energy security, and water security 
improve human health, biodiversity, quality of the local environment, and equitable 
sustainable development. Climate action future policy in developing countries is 
likely to be promoted by climate technology transfer and public-private cooperation 
(cross-sector partnership) through the technology mechanism of the water-energy- 
food nexus and inclusion of the gender. Building partnership mechanisms can reduce 
cost and increase local clean development mechanisms (CDM). Agenda 2030 
sustainable development, Paris agreement, and national development policies are 
alignments to advance climate-resilient development and green deal that enhance 
stainable future. 
Recommendations arising include: 


1. Great investments into nexus with strong collaboration of the multidisciplinary. 

2. Governments should work together to achieve green circular economy with 
smart and intelligent novel solutions. 

3. SDGs 17 need to be widely explored and policies clarified. 
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4. Development of new tools to investigate the interconnection of the WEF nexus 
with land and climate change. 

5. Research and development should be enhanced before decision-makings on 
sustainability and efficiency. 

6. Better understanding is required of the trade-offs between nexus and 
ecosystems. 

7. It is important to take action of the spatial reach of intersectoral interdepen- 
dencies (pricing, control instruments, and command) and effects in the multi- 
level governance systems to ensure appropriate participation by affected sectors 
and stakeholders. 

8. Data shortages should be reduced by encouraging open-source digitalized 
systems with capacity building support on sustainable monitoring and data 
management systems. 

9. Introduction and enhancement of the existing free trade movement on the 
borders will enhance reaching the SGDs more than expected. 

10. Use of the artificial intelligence solutions (nexus and climate change digitaliza- 
tion) on WEF and land and climate change applicability in decision support 
management, i.e., machine/deep learning, blockchain, remote sensing, IoT, big 
data, etc. 

11. Introduction of the climate change coding (code for climate change and nexus) 
will enhance early data analytics and action (action toward digitalization, digital 
earth). 

12. Enhanced, efficiency and accessibility of the green climate funding will enable 
preparation, implementation, and strategic workstreams of national determined 
contributors and adaptation-related elements of the Paris Agreement. The mech- 
anism will minimize and address loss and damages associated with climate 
change impacts of developing countries’ parties. 
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Abstract 


Climate change has been viewed to result from anthropogenic human activities 
that have significantly altered the Nitrogen (N) cycle and carbon cycles, increas- 
ing the risks of global warming and pollution. A key cause of global warming is 
the increase in greenhouse gas emissions including methane, nitrous oxide, and 
carbon among others. The context of this chapter is based on a comprehensive 
desktop review on published scientific papers on climate change, greenhouse 
emissions, agricultural fertilizer use, modeling and projections of greenhouse 
gases emissions. Interestingly, sub-Saharan Africa (SSA) has the least emissions 
of the greenhouses gases accounting for only 7% of the total world’s emissions, 
implying that there is overall very little contribution yet it has the highest regional 
burden concerning climate change impacts. However, the values could be 
extremely higher than this due to lack of proper estimation and measurement 
tools in the region and therefore, caution needs to be taken early enough to avoid 
taking the trend currently experienced in developed nations. In SSA, agricultural 
production is the leading sector in emissions of N compound to the atmosphere 
followed by energy and transportation. The greatest challenge lies in the man- 
agement of the two systems to ensure sufficiency in food production using more 
bioenergy hence less pollution. Integrating livestock and cropping systems is one 
strategy that can reduce methane emissions. Additionally, developing fertilizer 
use policy to improve management of fertilizer and organic manure have been 
potentially considered as effective in reducing the effects of agriculture activities 
on climate change and hence the main focus of the current chapter. 


Keywords 


Modeling : Pollution : Environment : Mitigation - Nitrous oxide - Carbon 
dioxide - Methane 


Introduction 


Globally, agriculture is the main contributor to greenhouse gases emissions (GHG) 
that is estimated to be between 10% and 20% of the total anthropogenic GHG 
emissions (Allen et al. 2020). From a baseline scenario, it is projected that GHG 
emissions from agriculture will be 1.7 gigatonnes by 2050. The GHG concentration 
especially CO; has increased by 40% since preindustrial times due to fossil fuels 
burning and also land-use changes. Current arable land cultivation practices have 
raised a great concern on the increase of GHG to the atmosphere. In sub-Saharan 
Africa, the effects are quite crucial but diverse as it has been associated with the 
variations of the season (rainy and dry) (Awazi and Tchamba 2019). As a result, this 
has significantly impacted the level of productivity, leading to food insecurity in this 
region. According to the US Environmental Protection Agency in 2010, the agri- 
cultural sector is the leading source of global GHG and accounts for 53% of carbon 
dioxide CO; emissions (Ronaghi et al. 2018). The distribution of CO, emissions is 
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Fig. 1 Showing contribution of agriculture to GHG emission in global perspective. (Adapted from 
Malaka 2017) 


globally spread as shown in Fig. 1, with most of sub-Saharan African countries 
emitting in the ranges of 0—75 MtCO;e. 

The main four sources of emissions from the agricultural sector include cropland 
soil management, rice cultivation, ruminant livestock enteric fermentation, and 
livestock manure management (Beach et al. 2015). According to Tongwane and 
Moeletsi (2018), half of Africa's total agricultural emissions were from enteric 
fermentation in 214 which signifies how great this source is. The GHG emissions 
in sub-Saharan Africa are estimated using Intergovernmental Panel on Climate 
Change guidelines in various subsystems of agriculture including crop production, 
animal manures, and methane emissions from livestock. 

The main GHG fluxes from agricultural land include nitrous oxide (N20), carbon 
dioxide (CO;), and methane (CH4). The emissions of these gases (CH4) and (N20) in 
agricultural land have increased by 17% from 1990 to 2005 globally (Popp et al. 
2010). It is also anticipated that the GHG emissions will increase soon due to modern 
land-use changes that the sub-Saharan Africa region has adopted (Popp et al. 2010). 
Although the fluxes are anticipated to be high, there are various uncertainties in the 
estimates provided due to large insufficient temporal and spatial representation of 
emissions from agricultural soils (Mwanake et al. 2019). In SSA, these changes have 
significantly impacted the climatic patterns leading to more extended droughts and 
excessive rainfall that does not support agricultural productivity at the field level. 
Furthermore, organic soils are important sources of GHG emissions with about 
35 thousand Giga grams of CO, as of 2010 demonstrated in SSA (Malaka 2017). 
Though there is no clear quantification data, there no doubt that there are some 
emissions from due to lack of management of crop residues since most of the 
agricultural waste in the land is openly burned or left free for livestock grazing. 
The burning of savannas and grassland fires that is common with the sub-Saharan 
African region is another greater contributors to GHG emissions (Malaka 2017). Due 
to this huge contribution of GHG emissions to the ecosystems, agriculture becomes 
an integral part that SSA and the whole globe should focus on to stabilize the 
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emissions and save the current and future generations from the devastating effects of 
climate change. Therefore, this chapter will explore several available options and 
strategies that have the potential of mitigating GHG emissions from agriculture and 
minimize the impact of climate change. 


The Approach Used 


To acquire information of this chapter, we used the Google Scholar search engine to 
identify relevant peer-reviewed research articles published in high impact journals. 
A total of 53 articles were used that ranged from experimental, reviews, and policy 
papers. Keywords used in Google Scholar search engine were sub-Saharan Africa, 
GHG, emissions, management of emissions from the agriculture sector, climate 
change, agricultural sectors, management, agricultural systems, modeling, emis- 
sions, and global warming. The chapter focused broadly on various methods that 
have been suggested by the global panel, policies, and guidelines of the Intergov- 
ernmental Panel on climate change. 


Key Strategies for Reducing Greenhouse Gases Emissions 
and Mitigation of Climate Change 


Adopting Improved Nutrient Management in the Agricultural Lands 


In sub-Saharan Africa, there is a problem of declining nutrient levels in cultivatable 
land which is due to poor nutrient management among the farmers. Most of the 
farmers lack the know-how on efficient use of the available fertilizers with minimal 
N loss but with improved crop yield (Galloway et al. 2003). To achieve this, farmers 
should be enlightened through policies and extension on various ways of fertilizer 
use that minimize the extent of nutrient loss to the environment that contribute to 
emissions of gases such as nitrous oxide (Huang et al. 2019). Improvement of 
nutrient use efficiency has a high potential of minimizing the N20 emissions from 
cropland that are generally generated by the soil microbes from the surplus of N and 
indirect emissions from carbon dioxide from fertilizer companies (Galloway et al. 
2003). Some of the recommended practices that farmers can adopt lie in the 4 R 
principle, which entails the use of the right source (fertilizer with higher efficiency), 
right rate, right timing, and right placement as expounded by Cassman et al. (2003). 
The proper placements of these fertilizers lead to fewer losses since there is a 
concomitant improvement in the plant uptake through making nutrients more acces- 
sible by the roots hence restricting available pathways for emissions. An important 
viable option for reducing losses is by reducing nitrification. Use of nitrification 
inhibitors for the case of nitrogen use is a promising strategy that has the huge 
potential of slowing the release processes that contribute to the formation of NO 
emissions (Coskun et al. 2017). Use of improved crop varieties with higher N uptake 
and use efficiencies will lead to a reduction in the nutrient loss since such crop 
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idiotypes fully utilize the applied and available nutrient for use hence less losses in 
the form of GHG emissions (Sanz-Cobena et al. 2017). 

Improved nutrient management is considered a better and viable strategy to 
overcome the challenges associated with the impacts of climate change in crop 
and food insecurities. According to Garcia-Marco et al. (2016), adopting improved 
agronomic practices can lead to higher yields and promote the generation of more 
carbon that can be used to increase the soil carbon storage hence fewer losses to the 
environment. Some of the practices suggested by Garcia-Marco et al. (2016) are 
extending crop rotations, use of improved varieties as mentioned earlier in this text, 
and using mixed cropping with perennial crops that will result to more carbon 
storage underground. 

Emissions of GHG can also be reduced through practicing intensive cropping 
systems that minimize overreliance of pesticides and other agricultural inputs and 
consequently reduce the extent of emissions to the environment (Hoekman and 
Broch 2018). Besides, farmers/growers can use the cover crops that provide addi- 
tional carbon to the soil and may help in extracting the available unused N by the 
next crops hence resulting to reduction of N5O emissions (Oberthiir et al. 2019). Use 
of Global Positioning Systems (GPS) guidance and variable rate technology are 
useful in applying inputs and hence allowing farmers to optimize nutrients with 
consequent less GHG emissions. In addition, the use of slow-release fertilizers such 
as prilled urea can be an efficient way of reducing N5O emissions from cropland. 
Moreover, the use of biofertilizer has been advocated as an alternative to the more 
soluble and more reactive N sources as documented by excellent reviews by Ntinyari 
and Gweyi-Onyango (2018). Locally available nitrification inhibitors can also be 
useful in reducing the amount GHG from applied fertilizers to cropping systems. 
Soil pH management is also critical towards the management of N5O emissions from 
the soil. Furthermore, the influence of pH on N5O emissions more profound in soils 
that have high nitrate levels. According to the existing literature, pH contributes 
between 3 and 10 folds in incidences denitrification (Simek and Cooper 2002). 
However, the good news is that use of liming in management of pH is something 
feasible among many farmers within sub-Saharan Africa if given fertilizer subsidies. 
Liming is a good option since is technically feasible and is affordable at a small scale 
levels. Nutrient use models are other useful tools in quantifying emissions from 
respective farms through the nutrient budget methods. These tools are key in 
estimating farm emissions by considering key components of nutrients inputs and 
nutrient outputs in given farms. In this case, it can be used to make a rough estimate 
of the amount of inputs required for specific crops to help in the reduction of 
emissions. Another option is the use and application of the soil systems budgets 
which record all the nutrient transformation related to emissions, for example, 
leaching, denitrification, and ammonia volatilization. This points to the fact that 
modeling tools are essential in linking the soil nutrients as well as a proxy resource 
for nutrient management and economic benefits to farmers. 

Organic soils also need to be properly managed as they have the highest accu- 
mulation of carbon over the years. Avoiding row crops and tubers and deep 
ploughing using heavy machinery has been pointed out as one of the strategies 
that reduce the emissions of NO and CO, (Smith et al. 2008). In sub-Saharan 
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Africa, a large fraction of the arable land has been degraded due to soil erosion, loss 
of organic matter, acidification, and other processes. These have to a greater extent 
affected the potential of the soil in holding/storing of carbon (Smith et al. 2008). 
Therefore, there is need for reclaiming land by application of organic substrates like 
manures, biosolids, reducing tillage, and leaving crop residues in the soils. With 
these practices in the farm, high nitrogen use efficiency is anticipated and this will 
minimize the emissions of NO. 


Proper Management of Residue and Adoption of Appropriate Tillage 
Methods 


Advancing methods of weed control and machinery used in farming systems is 
another available way of reducing N5O emissions from the soils. This is explained 
by the fact that soil disturbances tend to stimulate the soil carbon loss through 
enhanced erosion that result in soil carbon loss. However, the tillage method is 
dependent on the climatic conditions of the soils, considering that some reduced 
tillage options may have great effects of N;O emissions from cropland (Feng et al. 
2018). In tillage systems where growers/farmers retain crop residues, they tend to 
increase the soil carb since these residues act as precursors of soil organic matter 
which is a main store of carbon in soils. Mostly in the case where paddy crop 
growing is practiced, it has been found that no-tillage has a significant decrease in 
methane CH, emissions. Furthermore, recycling of crop residues has been reported 
to be of help in preventing the release and/or deposition of aerosols and GHGs that 
are generated during burning (Feng et al. 2018). Biomass burning is always thought 
to be a key contributory factor to climate change since it releases methane in notable 
amounts. This is a common practice in Kano plains in Western Kenya under rice 
production. This implies that there is a need to manage fire concerning biomass 
burning in agricultural fields. Reducing biomass burning will also go a long way in 
minimizing the emissions of hydrocarbons and reactive nitrogen emissions that react 
to form tropospheric ozone (Leng et al. 2019). This is explained by the fact that 
smoke composes of aerosols which can have either warming or cooling effects of the 
atmosphere, hence directly or indirectly contributing to climate change. In this light, 
reducing the frequency of or the intensity of fires will contribute to landscape carbon 
density in soil and biomass. To minimize the emissions, mitigation of the radiant 
forcing is expected to entail fire suppression strategies such as reducing fuel load 
through vegetation management and also burning of biomass at the time of year 
when CH, and N20 are less emitted (Leng et al. 2019). 

Crop rotation is advocated since it has given beneficial outcome through 
improving the quality of soils, with reported overall increment of as much 50% 
in terms of organic carbon into soils (Paustian et al. 2019). This practice creates 
resilience in cropping systems and helps the world to be able to combat climate 
change effects and hence can be a better option for SSA, where this is practiced 
already in noticeable scale. Through this approach, it is possible to sequester 
carbon for long-term storage of the atmospheric carbon. In this regard, this 
alternative offers the best solution to counter the greenhouse gases emissions in 
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the ecosystem. In addition, more yields are obtained from the cropping systems, 
which helps reduce the direct impacts of climate-related contributions to food 
insecurity. In soil management, there is also a need to bring in low-cost inhibitors 
that regulate nitrogen processes in the soils. However, this requires knowledge on 
the sources of the GHG using various soil microbial process that can help to bring 
mitigation of the same on board. Diversifying on the crop rotations will also 
provide another strategy to minimize GHG emissions from agriculture in SSA. 
Diversification of crops helps in improving the productivity in the different and 
diverse agro-ecosystems in SSA and also lower the carbon footprint. The choice of 
these crops can be guided depending on the ecological requirements in various 
growing zones within the region. Another option in minimizing emissions is 
through intensifying rotations in cropping systems through fallowing. Fallowing 
promotes nitrogen mineralization hence increasing available nitrogen for use by 
crops and minimize the amount of organic matter hence less carbon is stored in the 
soils. Most of the farmers prefer burning of various crop residues in their farms 
which contributes to climate change in various ways. It contributes to releases of 
GHGs like CH, and also generates hydrocarbon and reactive nitrogen emissions 
that react to for tropospheric zones, Burning also destroys existing grass and also 
blackens the soil spoiling its quality and ability to sequester carbon. As a mitiga- 
tion practice, farmers should rescue the frequency and the extent of fires for less 
CH, and N50 emissions (Smith et al. 2008). 


Introduction of Carbon-Sequestrating Grass Species 


Introduction of improved grasses that have a high level of production or with 
adaptations to C allocation to deeper roots has a great potential of increasing the 
soil carbon (Yang et al. 2019). For instance, using deep-rooted grasses in savannas 
has been associated with increased rates of carbon accrual hence less is emitted to the 
atmosphere. Cultivating of legumes into grazing lands has also been associated with 
the promotion of soil C storage and perhaps reduces N5O emissions (Garnett et al. 
2017). Grasses also act as cover crops that have long-term potential for reducing 
GHG emissions through agriculture that comes from agricultural activities. The 
grasses have the potential of absorbing and retaining stored carbon in the soil. The 
roots and shoots of cover crops feed bacteria, fungi, and earthworms and other soil 
organisms that have a significant contribution to the soil carbon levels over time. In 
the land that is left fallow, there is a need to convert the lands to grassland to 
sequester more carbon and create a balance of the carbon in the soils for a longer 
period. The most beneficial aspects of grassland are that they can stay longer without 
ploughing hence reducing emissions of N5O from the soils. In grasslands, intensity 
grazing has an influence on the density of the grasses and allocation of carbon into 
the grass fields. It has been reported that carbon accrual on optimally grazed land has 
been often greater compared to ungrazed grasslands. Also, irrigation of grasslands 
has also high promotion of the soil carbon gains. Also alleviating deficiencies of 
nutrients in grassland through use of fertilizer or other organic amendments will 
promote carbon soil storage (Smith et al. 2008). 
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Livestock and Manure Management Strategies in SSA 


Livestock, specifically ruminants such as cattle and sheep, are important sources of 
CH, estimated to 18% of the global anthropogenic of this gas. In Table 1, there is a 
high chance of methane emissions that are more prevalent in the year 2000 compared 
with those likely to be there in the year 2030. These percentages represent a great 
share that needs to be mitigated using possible strategies that are available to the 
local farmers (Swamy and Bhattacharya 2006). According to the current statistics, 
the current population of livestock is anticipated to increase in 2030 based on the 
projections with sub-Saharan Africa, leading in the population as demonstrated in 
Fig. 2 (Herrero et al. 2008). This means that there is a need to come up with strategies 
for minimizing CH, from livestock systems. Some of the mitigation practices that 
can be used to reduce CH, emissions from livestock rearing include but not limited 
to improving the feeding practices. Feeding animals with more concentrates other 
than forages has been reported to reduce the rate of. 

CH, for reducing. Other practices that can be used to minimize the level of CH4 
emissions are adding oils to the diet, as this is key in improving pasture quality since 
it improved animal productivity that reduces the proportion of energy lost as CH4. A 
high intake of protein feeds 1s also associated with reduced N5O emissions to the 
environment. 

Another strategy of managing livestock methane emissions is the use of specific 
agents and dietary additives that can have the ability to suppress methanogenesis 
process. Some of the additives include Ionophores antibiotics that can minimize 
methane emissions in the livestock systems (Gibson 2002). Halogenated compounds 
inhibit methanogenic bacteria and their effects although they can have reduced feed 
intake. These have not yet been used extensively in SSA and have a huge potential of 
adopting. The bovine somatotropin (bST) and hormonal growth implants do not 
specifically suppress CH, formation, but by improving animal performance they can 
reduce emissions per kilogram of animal product (Cerri 2010), which is also another 
viable option. Adoption of longer-term management changes and animal breeding 
will enhance reduction of methane output per kilogram of an animal. With improved 
animal production efficiency, there are reduced lifetime emissions (Wall et al. 2010). 
Supplements can also be used in reducing methane emission in the livestock. Some 
of the supplements include oils, fats, tannins, probiotics, and marine algae. It has 
been reported that methane abetment between 10% and 25% is possible when 
feeding ruminants dietary oils. Also, plant secondary compounds like condensed 
tannins have proved to reduce methane production by 13—16% through curbing the 
process of methanogens. 

Other available methane suppressers that are used in combating protozoal infec- 
tions. Specialized proteins targeting methane-producing microbes will also consti- 
tute an effective alternative towards the management of emission from livestock. 
Moreover, plant saponins that occur naturally in many of the existing plant families 
have the potential to reduce methane and can be effective in the current measure 
towards minimizing the concentration of GHG 1n the atmosphere. Enteric methane 
emissions can be reduced through manipulation of the microbial communities in the 
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TLU Density, 2000 TLU Density, 2030 


Fig. 2 Showing spatial distribution of livestock in Africa in the year 2000 and projected for 2030 
(Herrero et al. 2008) 


stomach of ruminants. This can be done through injecting/administering specific 
vaccines, drugs, or supplements that contribute to the reduction of methane. Other 
methods inlcude; biological methods can be adopted to reduce the ability of the 
livestock to reduce methane production in domesticated animals. For instance, the 
virus that attacks microbes in the rumen of the ruminants can be used to ensure 
animals produce less GHG. Methanotrophs which are microbes can also be intro- 
duced in the animals to help in the breakdown of produced into other wastes. The 
bovine somatotropin and hormonal growth implants is also a possible option but it 
does not suppress methane formation but rather improved the general performance 
of animals hence minimizing the intensity of GHG. 

Manure management should be given priority as it is associated with significant 
amounts of NO and CH, during storage. However, the magnitude of the emissions 
varies depending on the structure. World over, there are no well-defined measures 
and policies of manure use and management since most of the grazing is done in 
open fields. For manure stored in lagoons or tanks, methane emissions can be 
minimized by covering or cooling of the sources. Other preliminary information 
has also suggested that covering manure heaps can significantly reduce N5O emis- 
sions (Dennehy et al. 2017). In addition, emissions from manure can be curtailed by 
altering feeding practices and also precision application when it comes to cropland. 
Methane digesters/anaerobic digester can also be used as an alternative strategy to 
the reduction of GHG although it is expensive to install. This is since maintaining 
anaerobic digester requires basic knowledge in wastewater and electrical generation 
hence high investment costs that can be managed by respective governments. 
Adopting anaerobic digestion offers an excellent strategy towards the reduction of 
the CH, and CO, to the ecosystem. The process offers natural existing bacteria that 
decompose organic matter resulting in biogas (Wang et al. 2017). In return, the 
biogas can be used to burn fuel and reduce emissions of GHG from fossils. Other 
practices that need to be put into consideration include: 
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* Application placement (e.g., slurry injection) 

* Application timing 

* Application amounts (e.g., controlled rate systems) 
* Export of manure (from the agricultural system) 


GHG models can be developed at whole-farm level approaches to help in 
mitigation of various emissions specifically from daily farms. The advantage of 
using models in dairy farms is their ability to simulate calculations of CH4 and N20 
emissions although the models may considerably vary but they give information on 
the current and future trends upon application of given measures. 

Following the Intergovernmental Panel on Climate Change standard emission 
factors, it is confirmed that nitrogen deposited from urine and feces is converted to 
nitrous oxide twice the rate from the fertilizers used in farms. From the projections 
done for 2050, it is shown clearly that that in open pasture method, if no mitigation is 
put into practice, there is a possibility of having 25% increment on the emissions. In 
open field grazing strategy, the farmers can use chemical nitrification inhibitors as a 
way of preventing the transformation of the nitrogen is excreted in urine and feces to 
nitrous oxide. The other option is the introduction of biological nitrification, for 
example, use of the Brachiaria grass that has been reported to generate almost zero 
N20 emissions. Therefore, this a grass that the breeders can focus on to have the 
particular trait transferred in mostly grown grasses in pastures fields (Fig. 3). 

Use of methane digesters is another excellent successful strategy for consider- 
ation in SSA but will require government intervention especially in extending 
facilities from e large to small scale farmers to be able to encourage innovation. 
The respective governments should come into a collaboration to develop the most 
cost-effective technologies and this can be achieved through funded programs by 
innovators. In addition, there is a need to have programs that will enable early 
detection and remediation of leakages from digesters. The collected manure can 
also be used to make biogas which provides an additional source of renewable 
energy hence has higher chances of reducing GHG emissions. This is an economical 
method since it will save the farmers from using fossil fuels in cooking since they 
can generate power from their farms. It is also feasible to acidify slurry produced 
mostly in the zero-grazing sectors to enhance to reduce conversion and formation of 
methane. 


Adopting Bioenergy as GHG Emission Reduction Strategy 


Crops and residues have high potential as sources of feedstocks for energy as a 
replacement of fossil fuels. Many of the materials that have been proposed for 
bioenergy role are grain, crop residue, cellulosic crops, and various tree species 
(Haberl et al. 2012). The advantage of these products is that they can be burned 
directly but later processed to generate fuel liquid. Although this process also pro- 
duces CO,, it is associated with the original CO, from the atmosphere for the process 
of photosynthesis hence displaces the CO; that could be produced from fossils. The 


54 Greenhouse Gases Emissions in Agricultural Systems and Climate Change. . . 1093 


Atmosphere 


cuf Teo, moll, cuf fco — omi 


Manures Vegetation 
(liquid & solid) 
Trev» CH, 
— CO, 
e NO 


Soil 


Fig. 3 Greenhouse gas and ammonia fluxes in the main compartments of a mixed crop-dairy 
system. (Adapted from Novak and Fiorelli 2010) 


energy used in growing and processing the feedstock of bioenergy has a net benefit 
to the atmospheric CO» (Eloka-Eboka et al. 2019) The existing interaction of an 
expanding bioenergy sector land use and other ecosystems services such as food 
production has not been exploited potentially; for instance, through assessment 
modeling, sub-Saharan Africa has been listed as one of the promising regions for 
bioenergy. It is estimated that in 2050, 65% of the expected agricultural energy 
emissions will arise from farm energy use. In this regard, there is a need to reduce the 
amount of farm energy used from fossil to nonfossil use. Mitigation on the use of 
diesel fuels by tractors and other heavy equipment will be an effective move but 
requires transitions to hydrogen power that comes from solar and wind power. Also, 
battery-powered equipment and synthetic carbon-based fields will provide an alter- 
native strategy. Use of these kinds of renewable energy in farms where mechaniza- 
tion is highly practiced will help in mitigating 85% of the total emissions from the 
synthesis of nitrogen fertilizers. Considering bioenergy as an option of mitigating 
GHG and saving our planet from climate change impacts, there is a need to make 
major transitions that are essential in exploiting the great potential of this particular 
source of energy (Smith et al. 2008). Bioenergy or use of biofuels implies a decrease 
in the dependence on fossil fuels and chemicals. The energy supplied from the use of 
plant-based fuels has the potential of decreasing GHG flow to the atmospheres. The 
biofuels will enable GHG mitigation through three key factors that include lower and 
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competitive prices compared to fossil energy sources, ease in their production since 
the plants are grown during the entire year, and ecological and economic benefits of 
biofuels due to their environmentally friendly nature. Through these strategies, it 
will be efficient in mitigation of climate change effects in sub-Saharan Africa, 
though this will take longer to be achieved compared to other considered options. 


Reduction of GHG Through Genetic Selection of Animals 


Dairy is being one of the highest emitters of GHG to the atmosphere that requires 
critical strategies right from the selection of the best animals to reduce methane 
production. More focus should be put forward on the selection of cows that have less 
production of CH4 per unit according to Table 2. The impact of increasing genetic 
potential of the production stock is to increase the daily live weight gain of livestock 
for meat production or by nutrition hence leading to reduction of methane product 
per unity of the product. However, faster growth for slaughter implies that more feed 
will be needed to meet the required weight within a short time (de Haas et al. 2017). 
Therefore, this also means that the genetic selection has also to consider the type of 
grasses that can meet the requirements of such animals within the set time. 

A high growth genotype leads to low emissions hence providing a promising 
measure towards mitigation of the climate change as a result of concentration in the 
atmosphere (Martinez-Fernandez et al. 2018). In addition, the use of environmen- 
tally fit genotypes is fundamental to increasing efficiency of converting feed to beef. 
In an experiment conducted in a farm in Northern Territory, methane production was 
lower by 31% in per tonne of the weaned weight within a given time because of a 
genetic characteristic of animals that can be weaned early to reduce the total 
emissions in the livestock sector (Mottet et al. 2017). 


Adopting to Isotopic Tracers in the Agricultural Field 


Stable isotopes that do not emit radiation such as nitrogen-15 and carbon 13 on small 
experimental fields are good options. This method allows then to analyze the 
efficiency of the crops to consume nitrogen and the accumulation of carbon in the 
soils. For instance, nitrogen-15 technique is widely used by scientist to track and 
advise farmers on the amount of chemical fertilizer/manure needed by the plants as 
one of the ways to reduce increased emissions to the ecosystems (Slaets et al. 2016). 
Nitrogen-15 isotopic techniques can also be used by scientist to identify the sources 
of nitrous oxide in production and this forms an important pathway of reducing the 
emission of the gas to the atmosphere. Therefore, this technique has the potential of 
measuring the impact of climate and provides a way of mitigation. 

Carbon-13 has also been used in the assessment of the soil quality by identifying 
the content of organic sources of carbon in the soil. This is also a crucial favor in 
promoting the optimal application of the agricultural practices hence reducing GHG 
emission. Stable isotope can also be essential in the generation of information on 
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Table 2 Feeding strategy and genetic selection in the management of GHG emissions. (Adapted 
from Novak and Fiorelli 2010) 


Mitigation options for livestock management CH4 N20 CO; NH; 
Feeding Adding linseed lipids to the N? = = = 
strategy diet 
Increasing the proportion of \ from Z or / (fossil Z or 
concentrate in the diet animals N? energy + \? 
/ from  |(from soil) (from 
slurry? slurry?) slurry?) 
Increasing the proportion of |N from |— - - 
maize silage in the diet animals 
Introducing legumes into N J? \? fl 
grazed grasslands 
Limiting excess N in the diet | 7? Ng, - N 
Genetic Selecting cows with low N? — — - 
selection enteric 
CH, production NP or 
ZU 
Selecting high-yielding cows | N or = m = 
^m 
Herd Reducing the replacement N? -= = N 
characteristics | rate 
Reducing the number of Ay NS N 


milking cows 


“Depending on the N content of the concentrate compared to the roughage 
PResults from Lovett et al. (2006) 

N: the mitigation option decrease the emissions 

Z: the mitigation option increase the emissions 

“N or Z”: both tendencies have been shown 

—: no information was given on this compound 

0: studies have shown that this option had no significant effect on this compound. 
?: the result needs to be confirmed by more studies. 


GHG production and transport within a soil ecosystem. Importantly, stable isotopes 
have the potential of studying how GHG exchange with soils and atmosphere. This 
information is useful to enable researchers to understand the pathways of GHG, as 
well as the magnitude, as well as the magnitude is hence given rational recommen- 
dations (Zhu et al. 2019). However, this method is expensive and local farmers 
cannot afford to use to make various estimates. Therefore, the use of experimental 
reference sites can be useful in giving recommendations over a geographical position 
with similar activities. 


Management of Emissions in Rice by Adoption of Efficient Varieties 


Rice production in flooded or paddy rice contributes to at least 1096 of global 
agriculture production. There are various suggestions that have high technical 
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potential to mitigate rice emissions and that many of the options have a high 
potential of giving economic gains through yields and reduce the amount of water 
used in irrigation. Focusing on yield increase will give a promising measure towards 
reducing emission in rice production per unit area (Saha et al. 2018). This is in 
agreement with the FAO’s forecast that increasing the rate of yield in paddy will also 
contribute to emission reduction in rice. Removing rice straws from paddies before 
reflooding to reduce methane production is also advised as one of the practices that 
farmers can embrace. The straws may be used for Bioenergy production (Joint 
2018). Reducing the rate of flooding will reduce methane-producing bacteria 
where farmers can draw water down during the middle of the growing seasons. 
Another option is the beeding for rice varaities with lower emmissions of methane in 
the systems. Experiments in other regions such as China and Japan have shown that 
drawdown can reduce methane emissions by up to 90% (Miiller et al. 2016). Use of 
the system of Rice Intensification that aims at reducing irrigation water at farm-scale 
is also an adaptable technique that farmers can use to minimize methane emissions in 
their rice fields. In rice irrigation, farmers should be advised to reduce the duration of 
flooding to minimize the populations of the methane-producing bacteria. In this 
regard, rice can be planted in a dry field other than flooding them and also they can 
reduce water during the middle days of the growing season. Breeding of lower 
methane rice will be another strategy that researchers should focus on to introduce 
both upland and lowland rice-growing irrigation systems. Water management in 
irrigation through the expanding area on irrigation could be more effective in 
increased carbon storage in the soils. Draining of agricultural fields in humid regions 
will help in suppressing NO emission through improved aeration in soils. This 
strategy has been used in other regions such as China and Japan since it also 
increases yield and saves on irrigation water hence can also be adopted for the 
sub-Saharan Africa region. 


Development of Flexible Technology-Forcing Regulations 


The GHG emissions are strong issues that need to be regulated by the governments 
more so in sub-Saharan Africa counties where the governments have not invested 
much on controlling emissions due to their low-income capabilities. This is since if 
this issue remains a voluntary service, most of the individuals are not likely to take it 
as seriously as it is taken globally (Inglesi-Lotz and Dogan 2018). Therefore, there is 
a need to have flexible regulations that are designed to spur the technological 
development for the needed change. For instance, in case of fertilizer use, countries 
should develop regulatory systems that are similar to those developed in the United 
States or other places to increase the fuel efficiency of fleets of time (Nyamoga and 
Solberg 2019). Also, fertilizer manufacturers and importers will be required to sell 
fertilizers with increased efficiencies. Fertilizers regulation needed to be brought into 
consideration, for instance, the manufacturer should be barred from releasing any 
fertilizer product that does not have a coat to enhance its slow release and minimize 
N50 emissions in cropping systems. 
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Minimizing Enteric Fermentation and Food Wastes 


Enteric fermentation has the highest accountability of emissions from agriculture. It 
is part of the digestive systems of herbivorous animals that have a large four- 
compartment stomach with a complex microbial environment that enables it to 
digest complex carbohydrates. The process of digestion produced methane as a 
byproduct hence contributing to its accumulation in the atmosphere. In this regard 
when animals are kept for long, the more they produce methane, and therefore, this 
should be shortened and ensure the levels of methane per production unit are 
minimal (Owen and Silver 2015). The three main existing options to mitigate this 
kind of fermentation and emissions are 


1. Improving the quality and digestibility of feed 
2. Providing supplements and additives and reduce methane 
3. Optimizing the health and reproductive capacity of the herds 


Food and Agriculture Organization (FAO) has approximated that food wastes 
contribute to almost a third of the world’s GHG. This is more so in sub-Saharan 
Africa due to the culture of people holding a social gathering with several types of 
edibles available hence providing a wide range of choice. These foods are potential 
sources of GHG emissions with key gases produced being carbon dioxide, methane, 
nitrous oxide, and hydrofluorocarbons especially in countries without any existing 
policies on food loss and waste management (Capone et al. 2016). This calls for the 
development of a monitoring framework for developing countries especially in 
sub-Saharan countries through installing simple tools that can be used in the 
traceability of GHG emissions. According to the Intergovernmental Panel on Cli- 
mate Change (IPCC), the lowering of food wastes will help in reducing the rate of 
GHG emissions and concentration in the environment. In this regard, there is a 
requirement for the respective government to come up with policies and campaign to 
enlighten the locals on the need to reduce their food wastes as one of the factors for 
environmental sustainability and to alleviate the serious threats of climate change 
that are currently experienced (Edenhofer et al. 2011). 


Use of Biochar to Minimize GHG Emissions 


Biochar is an organic material rich in carbon that is produced by the heating of 
biomass in the limited supply of oxygen. It is mainly produced as an additive to soils 
to improve nutrient retentions and carbon storage. In recent research, there has been 
growing interest in the use of biochar as an amendment to improve soil health, 
decrease net N5O emissions and methane, and to store carbon in the soils. Biochar 
has been recognized as one of the possible materials to enhance reduction of CO2 
concentration in the environment. The advantage of biochar is sufficiently used to 
reduce GHG emission in the atmosphere for a prolonged time. It also allows a net 
reduction on the emissions in the entire lifecycle including both direct and indirect 
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land uses (Kumar et al. 2020. It has been documented that biochar has the potential 
of reducing anthropogenic CO2 in the atmosphere by 12%. Biochar has a low 
degradation process which helps in increasing its potential to store more carbon in 
the soils compared to other materials. 


Compositing of Solid Manure Before Applying to Crop Fields 


In many organic systems, composting of solid manure before applying to the field 
is encouraged. This method offers the advantage of producing a more stable 
product, free of weeds and toxins and easier to spread in the cropping systems. 
Through compositing it is subjects manure to the aerobic composition at temper- 
atures of around 60 °C. Since this method requires frequent turning of the heaps, 
the method makes it more vulnerable for NH3 losses; however, after application 
to the cropping fields, there are minimal losses since remaining N is mainly 
bound organically (Kumar et al. 2020). The mechanical turning of the composted 
manure is associated with lower N,O and CH4 compared to the anaerobic 
method; hence, this should be considered for the whole management systems 
right from manure storage to supplication to soils in the fields. It has been 
estimated that compositing lowers N5O and CH, emissions; although significant 
amounts of CO, are emitted during the composting process, it is not considered as 
a net source of CO; in the entire agricultural chain. In addition, since composted 
manure is less degradable than fresh manure, application of this is a greater 
source of carbon storage in the soil and thus reduces the rate of CO» emissions. 
The rapid incorporation of manure in the soils as an improved technique of 
application 1s associated with fewer emissions and is more cost-effective (Joint 
2018). This kind of incorporation should be done during the first hours after 
application. Through this method, a significant N5O emissions in the soils will be 
reduced. Farmers should also consider using farmyard manure over liquid slurry 
for reduced GHG emissions. 

In crop production as agriculture, subsystem offers various mitigation of green- 
house gases specifically the CO, and N5O that are main gases in this level. The 
limitation of net CO, can be achieved through increasing the rate of carbon storage 
to soils or by the plant. This is achieved through slowing return of stored carbon into 
the atmosphere via mineralization (Stanton et al. 2018). Most importantly, NO 
mitigation should focus specifically on improving the nitrogen use efficiency of 
crops since N20 is generated from the soils. In crop production, farmers should also 
avoid compacting during tillage since this may increase NO emission due to the 
conducive environment created for anaerobic zones within the soil structures. 
During the incorporation of plant, farmers should be advised to use plant contents 
with low N content since high N content in the tissue will trigger mineralization and 
denitrification that can alleviate the levels of N;O emissions. Tackling the interlinked 
problems on land degradation, climate change mitigation is a promising strategy that 
can produce promising results for both farmers and government (Zerhusen et al. 
2019). 
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Integrated Farming Systems 


The integrated farming system is another way to reduce GHG emission and promotes 
the fight against climate change. The integrated systems are based on nuclear tech- 
niques that have been put into practice in some counties within sub-Saharan Africa 
including Kenya and Uganda. The practices are aiming at maximizing the recycling of 
nutrients that are found in animal manure and crop residues. This will ensure there is a 
reduction in the chemical fertilizers use and this will enhance the reduction of GHG 
from agricultural land (Stanton et al. 2018). This is a practical strategy since farmers can 
recycle nutrients as livestock mainly feeds on herbs and grasses that are excreted in 
form of manure then farmers can collect the manure and apply in fields, which is a way 
of returning many nutrients into the soil as illustrated in Fig. 4. 

This strategy is feasible and practically possible in sub-Saharan Africa since it has 
been applied in other regions and does not require high investment but rather 
involves a set of regulations and extension to enlighten farmers on the benefits of 


Livestock graze the field S. Farmers collect the manure and 
crops/pastures, either directly or apply it to the fields as fertilizer 

after harvesting (in addition to a small amount 
of synthetic fertilizer) 


oo o00o0o00o000*o 


This natural fertilizer improves soil health and quality, 
thereby increasing crop yields while reducing greenhouse 
gas emissions as less synthetic fertilizer is required 


Fig. 4 Illustration of how an integrated system can reduce greenhouse gas emissions. (Adapted 
from Garnett 2011) 
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this process. Integrated cropping-livestock practices have been used in Brazil and 
have given a successful out management plan in the use of land more efficiently. As a 
result, the GHG emission from urine and dung was reported to reduce by 89% from 
respective farms. Polyculture is another agronomic practice that can be used to 
mitigate emissions of GHG and help in combating the adverse effects of climate 
change. Polyculture entails growing of multiple crops in the same space to increase 
local biodiversity and increase the soil carbon. Agroforestry is another agronomic 
practice that can be encouraged as a strategy to minimize GHG emission in agricul- 
ture. This practice entails integrating crops or livestock and trees either for timber, 
firewood, or any other wood products. The agroforestry provides buffer strips in the 
riparian land as well as increasing carbon stock in the soils since they increase carbon 
sequestration hence emissions of CO; to the atmosphere (Garnett 2011). Changes in 
consumption habits have substantial effects on the reduction of GHG emissions. 
Therefore, this calls for addressing how our food from agriculture is distributed 
across a supply chain. In particular, many of the environmental bodies have a 
recommended reduction of consumption of meat and other dairy products to enhance 
the reduction of GHG emissions from agricultural production. This implies that if 
consumers can adhere to this strategy and focus on well-grown crop products will 
have a significant effect on the overall concentration of GHG in the atmospheres. 
How this requires policy regulations and consumers' willingness to adapt to this kind 
of change. Although it is difficult to some communities that rear livestock as the 
main agricultural activity, they could be advised to minimize meat consumption, 
which may be from 5 to 2 days a week. 


Barriers to Mitigation GHG Emission and Climate Change in Sub- 
Saharan Africa 


Although there are various opportunities to combat GHG emissions and reduce 
impacts of climate in Africa, there are key barriers that may hinder adoption and 
achievement of these goals. There is a challenge on lack of awareness among the 
farmers on the bottom line impacts of climate change and causes that emanate from 
their cropping-livestock systems. A great population of the farmers in sub-Saharan 
Africa are not aware of the existing option, either high or low cost. This is since there 
is less focus on the ground level to address the issue; in this regard mitigation of 
GHG and reducing the impact of climate change more focus on starting ground level 
for the change to experience. Moreso, there is the existence of unsureness about the 
practicality of the available measure among the leaders and activist of climate 
change actions; hence, less awareness has been created to date. There is also the 
existence of complex interactions as farmers do not know the bottom line of the 
unintended consequences on the complexity of interaction during the adoption of 
what is believed to make a change to GHG emissions from agriculture (Mehra et al. 
2018). Regulations and policies are also other barriers towards adoption and appli- 
cation of the existing measure. Some of the verification and regulation are quite 
expensive, and the fact that sub-Saharan Africa is a low-income region confirms the 
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weight of the barrier. In addition, new regulatory regimes may require structuring the 
existing regulation before the implementation of proper governing policies. 

Adopting some of the options may be against the social norms of the culture with 
diverse cultures being dominant in sub-Saharan Africa. For instance, manure man- 
agement may be viewed as a dirty practice by some communities or religious beliefs 
hence making its management difficult. Besides, most farmers may fear loss aver- 
sion and may be adamant towards investing on best practices as advised by regula- 
tors. The existing extension services have the challenge of meeting farmers need and 
they create doubt on bits of advice they receive from them. Also, the government is 
slow in making clear on the role of extension officer and to what extent do they need 
to give communal seminars on critical issues such as climate change and GHG 
emissions (Allen et al. 2020). Development and transfer of technologies is another 
underlying barrier in the management of GHG emissions and mitigation of climate 
change. This is due to limited human and institutional capabilities to enhance proper 
dissemination of new information. Technological barriers exist in the limitation of 
generating and applying the developed solution to handle the problem. Technologies 
development and transfer remain crucial components for sustainable increase of 
productivity and mitigation of climate effects. Ecological barriers exist because 
mitigation potential in agriculture subsystems is mainly site-specific even within 
the same cropping systems. The limited resources in Sub-Saharan Africa pauses an 
ecological barrier towrads management of GHG and climate changes impacts. The 
frequent drought in Africa may limit the exact measurement and application of 
the mitigation measures at the farm level. In addition, due to high levels of poverty 
in the region, there is a likelihood that affording good equipment for mitigation will 
be hard hence have to rely on donors from other regions. 


Need for More Research 


Mitigation of GHG emissions is a critical area that currently requires a lot of 
investment in research, because these gases are complex and emitted from day to 
day activities that men perform to earn a daily living. Due to the adverse effects, they 
are causing damage to our ecosystems; identification of scientifically proven mea- 
sures and option needs to be analyzed and scrutinized keenly through research. The 
researcher should focus more on agriculture although other sectors such as transport, 
energy, and industrialization have an equivalent measure. Although several mea- 
sures have been documented to curb and minimize the rate of emissions, there is a 
need to have additional measures and strongly emphasize on their adoption through 
policy regulations. The research should focus on both generating new technologies 
and management systems with lower emission rates. Therefore, this requires the 
collaboration of governments in the sub-Saharan each to generate funds that can 
motivate and facilitate scientists in agricultural discipline to focus more on GHG 
about to actual quantification of the emissions as well as documenting available 
measures in the current context. Generation of more knowledge through research 
will provide cost-benefit analysis concepts to help in the assessment of the trade-off 
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in the climate change mitigation options (Garnett 2011). The discoveries through 
research will enhance the provision of information and rationale on taking actions to 
mitigate GHG emissions. In addition, it will form a basis on informing decision- 
makers and policymakers in the whole system. 


Conclusions 


In the light of adverse climate change effects being experienced in sub-Saharan 
countries currently, several opportunities to mitigate GHG in agriculture exist and can 
be realized through overcoming several barriers. There is a need to assign mitigation 
measures on the key causes of climate change hence more emphasis on greenhouse 
gases emitted from agriculture. The key GHGs — CO», N20, and CH, — are not only 
produced in the farm setting but other sectors including energy, transport, and industries 
have a significant contribution. However, more potential lies in the agricultural sector 
that is widely spread in major regions of sub-Saharan Africa. Critical elements that 
require proper management are livestock systems and crop production that have shown 
to have the highest emission of the main GHG to the ecosystems. Therefore, to protect 
and improve the quality of our planet, there is a need to apply measures including 
manure management, improved fertilizer use efficiency, genetic selection of animals 
with less methane emission, minimizing enteric fermentation and floodwaters in 
agriculture and dairy subsystems. Developments of feasible and technological solutions 
to minimize GHG at small scale level, adopting bioenergy, growing of grass species 
with carbon sequestration effects, integrating crop-livestock system, and managing 
emission in paddy rice trough proper use of irrigation water and biochar application 
among others. Putting all measures discussed in the current chapter will help reduce the 
impacts of climate change in sub-Saharan and improve the quality of air and environ- 
ment health in general. Regardless of several feasible options existing to mitigate GHG 
emissions and climate change in agriculture, to achieve these measures, there is a need 
for collaborative efforts between governments and the locals to carry out the required 
ground activities. There is the existence of certain barriers that limit the potential of 
management. Some of these barriers include policy and regulation, inadequate human 
and institutional capabilities, unstructured extension services, fear of loss aversion 
among farmers, and absence of platforms for disseminating new technologies. For 
any of the above-discussed measure, decision-makers need to make a consideration to 
the extent to which it moves away or closer to making the environment safer and still 
maintaining sustainable agricultural production with less GHG emissions. 
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Abstract 


Although Climate Change is a global phenomenon, the impact in Africa 
is anticipated to be greater than in many other parts of the world. This 
expectation is supported by many factors, including the relatively low 
shock tolerance of many African countries and the relatively high percentage of 
African workers engaged in the agricultural sector. High-income countries are 
increasingly turning their focus to climate change adaptation, and Artificial 
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Intelligence (AI) is a critical tool in those efforts. Algorithms using AI 
are making better predictions on the short- and long-term effects of climate 
change, including predictions related to weather patterns, floods and droughts, 
and human migration patterns. It is not clear, however, that Africa is (or will be) 
maximally benefitting from those AI tools, particularly since they are largely 
developed by highly developed countries using data sets that are specific to those 
same countries. It is therefore important to characterize the efforts underway to 
use AI in a way that specifically benefits Africa in climate change adaptation. 
These efforts include projects undertaken physically in Africa as well as those that 
have Africa as their focus. In exploring AI projects in or about Africa, this chapter 
also looks at the sufficiency of such efforts and the variety of approaches taken by 
researchers working with AI to address climate change in Africa. 


Keywords 


Africa - Climate change - Artificial intelligence - Algorithms - Data - Adaptation - 
Migration 


Introduction 


The deepest roots of climate change begin with the second industrial revolution and 
the widespread adoption of fossil fuel-based machinery. As the world enters the 
fourth industrial revolution, the adoption of advanced technologies such as artificial 
intelligence (AI) introduces complex challenges and opportunities for the now- 
inevitable and as-yet-undetermined issues of climate change. This chapter explores 
those challenges and opportunities, and whether or to what extent the fourth indus- 
trial revolution will enhance Africa’s ability to cope with climate change. 

Technologies associated with the fourth industrial revolution (4IR) include 
blockchain, the Internet of things (IoT), artificial intelligence, cloud computing, 
quantum computing, advanced wireless communications, and 3D printing, among 
others. Although these technologies are, at times and in various ways, interrelated, 
this chapter focuses mainly on AI and the impact that it will have on Africa’s ability 
to cope with climate change. This focus is not, however, meant to imply that other 
4IR technologies will not be important. Indeed, some technologies such as the 
widespread connectivity of sensors that accompany the development of IoT will 
likely have substantial positive impact on the ability of African nations to gather 
useful data. An example of this is Upepo Technologies, described below, that is 
using IoT devices to monitor water distribution points throughout Kenya. Other 
technologies may have mixed or negative impact: cryptocurrencies based on 
blockchain technology have so far increased the amount of energy used worldwide 
by computers, and advanced communications technologies are projected to account 
for 20% of global energy demand by 2025 (The Guardian 2017). Any increase in 
energy demand has a negative effect on climate change. Surely these technologies 
will continue to evolve, and Africans’ ability to predict their ultimate impacts 
is limited. 
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AI has probably been postulated for longer than any other AIR technology, but has 
remained impractical until the recent decade. Although a variety of forms of AI 
are known and being pursued in various contexts and by various private- and public- 
sector stakeholders, this chapter is largely confined to discussing AI as a tool for 
processing large amounts of data and improving predictions from those data. 

Predictive algorithms using AI are available to entrepreneurs using two main 
pathways. The first is by using and adapting widely available open source algo- 
rithms. Many of the global technology companies have released suites of AI tools on 
open source licenses, including Google, Microsoft, and IBM. The alternative 
pathway is to develop, test, and train novel algorithms. Examples of companies 
following each of these pathways, as well as combinations thereof, can be readily 
identified, particularly (but not exclusively) in the high technology hubs of Lagos, 
Nairobi, and Johannesburg. 

Developing the algorithms is, however, only one part of a larger process of 
integrating AI into products and processes. Effective predictive algorithms using 
AI rely on three main components: fast computers, large datasets, and abundant 
human labor (The Economist 2020). The need for fast computers is obvious, and 
suitable computing power is relatively abundantly available, even if Africa is 
perpetually and conspicuously absent from international lists of supercomputers 
(TOP500.org 2019). Human labor is needed in order to label data, as AI algorithms 
require accurately labelled data in order to learn and increase the accuracy of 
predictions. Africa has an abundance of labor, including large numbers of 
unemployed or underemployed youth that have sufficient computer skills, and is 
therefore ideally positioned for performing this task. For example, Samasource is a 
data annotation provider with a major presence in Kenya and Uganda. Using a 
hybrid structure involving both for-profit and nonprofit entities, Samasource pro- 
vides data labelling services for Fortune 500 companies employing AI systems, 
while simultaneously seeking to reduce poverty through job creation. 

This leaves three factors that are particularly interesting in the African context: 
the availability of sufficiently large datasets, the suitability of the algorithms them- 
selves; and the creativity of developers, entrepreneurs, and others in applying AI in 
the creation of new products, services, and solutions. The three factors of interest are 
interrelated, and it is difficult to assess any one factor in isolation. AI is a multi- 
purpose tool, but the output of any given AI product is as much or more dependent 
upon the dataset as on the specific AI algorithm. Regardless of the algorithms, the 
availability of high quality, locally relevant datasets is likely to be extremely 
important for AI to be of any use to the fight against climate change. Furthermore, 
since the bulk of AI development has so far been from outside the African continent, 
the creativity and effort of developers and their collaborators are also critical to the 
contribution of AI. Accordingly, the second (datasets) and third (applications) 
factors are the subject of this chapter. 

Part I of this chapter introduced the topic and framed the research question. Part II 
broadly and briefly review the state of AI research and development in Africa, as well 
as global AI research that is relevant or targeted at Africa. Part III narrows the focus 
and explore African AI products and research that are specific to the issues of Climate 
Change. Such issues include weather prediction, agriculture, floods and drought, and 
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human migration. The chapter concludes in Part IV, with a look at particular challenges 
and potential future applications of AI in the area of climate change. 


Scoping Al in Africa 


It is easy to get the impression that there is little or no activity in AI research 
and development in Africa. In report after report, African countries are either 
characterized as poorly performing or are complete absent from the analysis. African 
governments score very low in their perceived readiness to “take advantage of the 
benefits of AI in their operations and delivery of public services” (Oxford Insights 
International Development Research Centre 2019). In that global index, no African 
government ranked within the top 50 governments. In a broader index covering 54 
countries over seven factors (Talent, Infrastructure, Operating Environment, 
Research, Development, Government Strategy and Commercial Ventures), all 
six African countries that were part of the study ranked in the bottom quartile 
(Tortoise Intelligence 2019). In an even broader analysis using different datasets to 
“comprehensively assess the state of AI R&D activities around the world,” the 
African region was ranked at or near the bottom of nearly every measure and ranking 
(Perrault et al. 2019). This included measurements such as AI papers published and 
cited, Al-focused patents, conferences, and technical performance. The picture 
painted by these global indices is one of virtually no activity and a gloomy outlook 
for future activity. 

As is often the case, however, the global indices are not necessarily good 
measures of activity on the African continent. Activities by African governments 
and certain other entities are often not reported or described online. Activities in the 
private sector may be minimal when compared to activity levels in developed 
countries, but the comparison is not particularly useful. As shown by the examples 
provided below, the R&D that is carried out is meaningful and a significant part of 
the overall research environment on the continent. 

African-hosted conferences on AI showcase African-led and Africa-focused AI 
R&D and demonstrate the breadth of such work. The Deep Learning Indaba, which 
began in 2017, is such an example; devoted entirely to African AI R&D, it has doubled 
attendance each of the following 2 years. The yearly event has created great interest, 
and in 2018, 13 mini-conferences (referred to as “IndabaX” conferences) were held in 
as many countries in Africa. Such conferences are important for the normal reasons, 
but also because African researchers have particular difficulties attending AI confer- 
ences in other parts of the world. African nationals are routinely denied visas to attend 
international conferences (Knight 2019). The challenges faced by African nationals is 
significant enough that the International Conference on Learning Representations, a 
major AI conference, elected to hold the 2020 conference in Africa. This decision was 
intended to enable greater African participation (Johnson 2018). 

Meanwhile, global technology companies are turning some of the focus of their 
AI R&D on Africa. Google opened an AI development laboratory in Ghana in 2019. 
Microsoft published a whitepaper focusing on the importance of AI research in 
Africa (Microsoft Access Partnership University of Pretoria 2018). A significant 
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body of technological developments have been produced by IBM researchers at the 
IBM laboratory in Nairobi (Weldemariam et al. 2020). Motivations for global 
technology companies to work in Africa include, among others, the reduction of 
bias by increasing diversity in the researchers and the context in which they work 
(Adeoye 2019). 


Case Studies of General Applications of Al in Africa 


Academic and private sector AI researchers in Africa seek to apply AI to a wide 
variety of topics, some of which are directly relevant to climate change, and others 
are relevant insomuch as they advance the general state of AI. A particularly 
important topic is bioinformatics and genomics (Diallo et al. 2019). Significant 
biodiversity exists on the African continent, and much of it is understudied relative 
to other regions (Campbell and Tishkoff 2008). The application of AI algorithms, 
with its ability to analyze large datasets, is particularly appropriate in the area of 
genomics. Even where the work is not specifically addressing issues directly related 
to climate change, a better understanding of bioinformatics and genomics will 
support biodiversity and our ability to encourage genetic resistance to environmental 
shocks. 

Another topic of interest to African AI researchers is farming. The importance 
and vulnerability of farming on the African continent cannot be overstated. More 
than 50% of the entire African workforce is employed in agriculture, yet most of that 
activity is at the subsistence level (Alliance for a Green Revolution in 
Africa (AGRA) 2014). Approximately 80% of all farms in Sub-Saharan Africa are 
smallholder farms where 175 million people are directly employed. Modern farming 
methods such as large-scale mechanized harvesting, irrigation, and crop rotation are 
less common, meaning that African agriculture is more susceptible to weather and 
labor shocks. Traditional African crops are under threat from global seed companies 
seeking to dominate the African market (Scoones and Thompson 2011). Deforesta- 
tion and overgrazing threaten African soil, but productive farmland is targeted by 
foreign governments and companies seeking new resources to enhance food security 
(The World Bank 2014). 

It is anticipated that predictive analytics, aided by machine learning, will 
significantly improve overall output by the African farming sector (Alliance for a 
Green Revolution in Africa (AGRA) 2014). The cornerstone of successful AI is 
sufficient data, and in this area, Africa is relatively well positioned. Datasets 
pertaining to agriculture are available from a variety of sources, as the subject of 
African agriculture has been of intense interest to both local and international 
stakeholders for many decades. These datasets include actual measurement data as 
well as predictive or extrapolative datasets, as well as combinations thereof (African 
Soil Information Service). Improving the quantity and quality of data, and encour- 
aging wider and more effective use of Big Data, is the focus of research by Patrick 
MacSharry at the Carnegie Mellon University campus in Kigali, Rwanda. Numerous 
other academic researchers are also contributing to the push toward effective incor- 
poration of data science in African agriculture. 
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Successful agriculture requires more than land, seeds, and suitable weather. Crop 
diseases and infestations of plant pests are significant threats to global agriculture 
and are particularly dangerous to agriculture in Africa. For example, invasions of the 
desert locust can last for up to a decade, and can cause widespread food shortages of 
catastrophic proportions (Lecoq 2003). Similarly, strains of wheat rust such as ug99, 
which originated in Uganda, are considered a global threat as well as a threat to 
African agriculture (Aydogdu and Boyraz 2012). An ability to diagnose crop 
diseases is therefore critical, and local and global technology industries have taken 
notice. Mobile phone applications that allow farmers to diagnose crop disease or 
identify the presence of crop pests are proliferating (Nzouankeu 2019). Considering 
that many plant diseases and crop pests are highly geographically specific, local 
development of technology solutions to these problems is a prerequisite to their 
success, and the African technology industry is beginning to address this need. 

Looking beyond agriculture, financial institutions in Africa are not often at the 
forefront of widespread introduction and adoption of technology. Notwithstanding 
the success of mobile banking (which more properly attributes success to the fact 
that it originated from the telecom industry rather than the banking industry), 
traditional financial institutions have been slow to adopt technologies such as online 
banking. This is not necessarily only due to resistance within the African banking 
sector, but is also due to the relatively low level of access to technology by banking 
customers. Nevertheless, nearly every industry sector in Africa is affected by the 
availability (or absence) of credit and the presence (or absence) of financial institu- 
tions. Financial technologies, referred to as “fintech,” are a particularly active area of 
the incorporation of AI into products and services. A common use of AI in fintech is 
in the determination of creditworthiness. Although not discussed here, it is worth 
noting that such applications have been criticized for a variety of reasons, ranging 
from data protection issues to exacerbation of inequality (Johnson et al. 2019). 
Traditional and nontraditional banking institutions can make use of larger datasets 
from a broader list of sources in order to determine the risk of extending credit to 
individual or institutional customers. This is particularly useful in a region where 
formal credit histories are relatively rare or based on very limited data. Another 
fintech product that is gaining traction with African financial institutions is the use of 
AI to evaluate customer behavior. Behavior analysis can be used to improve pre- 
dictions of suitable financial products, thus allowing institutions to focus their 
marketing efforts and improve efficiencies. 

Raising capital to support product development and market expansion is a 
necessary component of the modern technology industry. There is significant evi- 
dence that success at attracting investor attention in Africa is due to a variety of 
factors, including some factors that are not related to the quality or appropriateness 
of the technology (Peacock and Mungai 2019). Nevertheless, some African startups 
have raised significant capital for the application of AI to agriculture, fintech, and 
mobility solutions, among other uses of AI. In South Africa, Aerobotics is a 
company that is developing a digital platform for using AI to interpret data gathered 
by drones and satellites. The data interpretation algorithms are targeted at detecting 
plant pests and diseases. Apollo Agriculture is a Kenyan company using AI to 
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interpret satellite data, soil data, farmer behavior, and crop yield models. The data 
interpretation algorithms allow the company to offer farmers customized financing 
as well as customized seed and fertilizer packages (Nanalyze 2019). 

In view of the above examples and others not mentioned, there is clearly activity 
in AI R&D in Africa. It may be that the activity is minimal when compared with that 
of developed countries, but there is a very high level of interest in AI technologies by 
governments, academia, and the private sector, and activity levels will surely 
increase with time. 

Having reviewed the general state of AI R&D in Africa, and having established 
that there is ongoing interest and activity in applying AI to a variety of fields, this 
chapter now turns to the specific application of AI to climate change. 


Review of African AI Focusing on Climate Change Issues 


By 2050, it is widely expected that hundreds of millions of people in developing 
countries will have left their homes as a result of climate change — a mass displace- 
ment that will make already-precarious populations more vulnerable and impose 
heavy burdens on the communities that absorb them. Unfortunately, the world has 
barely begun to prepare for this impending crisis. 

According to the World Politics Review, those displaced by climate change are 
neither true refugees nor traditional migrants, and thus occupy an ambiguous 
position under international law. Consequently, the world needs to agree on how 
to classify environmental migrants, as well as what their rights are. It also needs to 
strengthen its capacity to manage these mass migrations, without weakening existing 
international regimes for refugees and migrants (Patrick 2020). 

Similarly, international organizations, such as the United Nations, as well as 
industry and social society are exploring technological solutions including the 
development of tools and technologies that leverage data sources from radio content, 
social media, mobile phones and satellite imagery, and technology toolkits. These 
toolkits can enhance decision-making by providing real-time situational awareness 
for project and policy implementation. The trend is moving towards a converging of 
exponential technologies (AL, robotics, drones, sensors, and networks). Although 
there is growing criticism of this trend toward ‘technologizing of care’, which can 
conflict with the centrality of the humanitarian principles, these technologies, in 
particular AI, have the potential to help Africa to be better prepared to thwart the 
effects of climate change, both through mitigation and adaptation. 

In light of this, this section examines the use of AI that is being (or could be) used 
in Africa for any aspect of climate change such as weather prediction, agriculture, 
human migration, floods and droughts. These projects could be undertaken physi- 
cally in Africa as well as in those countries that have Africa as their focus, and those 
that can be adapted to Africa. It assumes a broader definition of AI which includes 
the use of "software (and possibly also hardware) systems designed by humans that, 
given a complex goal, act in the physical or digital dimension by perceiving their 
environment through data acquisition, interpreting the collected" (European 
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Commission High-Level Expert Group on Artificial Intelligence 2018). It examines 
how a combination of technologies work together, including geospatial technolo- 
gies, converging technologies such as robotic responders, swarm technology, and 
aerial drones which may also rely on geospatial data. Further, it also examines AI- 
driven platforms that crowdsource first-hand experiential data from those on the 
ground, and how these technologies could potentially transform disaster relief 
methods in Africa. Finally, it examines the issue of mobile connectivity and wireless 
networking trends and how improving these can give a newfound narrative power to 
those most in need. Although some of the projects examined in this section do not 
directly address climate change, per se, they may address other environmental 
concerns that are relevant to climate change. 


Geospatial Technologies 


Africa has seen a steady increase in multi-stakeholder geospatial initiatives in recent 
years and these include those sponsored by the UN agencies, Public Private Partner- 
ships, and initiatives led by international organizations and industry, especially 
global technology companies such as Google and Vodafone. 


UN Agencies 

The UN, in particular its data science arm, the Global Pulse, has been working to 
support African governments to achieve the U.N. 2030 Agenda for Sustainable 
Development. The Global Pulse, working from its Kampala Lab in Uganda, has 
led the work to develop numerous toolkits that consolidate it as an important 
technical arm of the UN network (Pulse Lab Kampala 2018). These pieces of 
software are a key in informing the SDGs through big data, data science and artificial 
intelligence because they aggregate, anonymize, combine, analyze, and visualize 
data. During 2016 and 2017 the Lab has both created brand-new toolkits and adapted 
previously developed ones for new projects. This has been part of a bigger project 
under which, between 2016 and 2017, the Pulse Lab Kampala worked with various 
UN agencies and development partners in Uganda and the region to test, explore and 
develop 17 innovation projects. The Lab also furthered the development of tools and 
technologies that leverage data sources from radio content, social media, mobile 
phones and satellite imagery, and created technology toolkits. These toolkits can 
enhance decision-making by providing real-time situational awareness for project 
and policy implementation (Pulse Lab Kampala 2018). 

The Pulse’s projects sit in the current global policy shift which emphasizes 
technological tools as opposed to their application to improving knowledge about 
climate change. This is even reflected in the secondary school geography curriculum 
which has seen an introduction of GSI in some African countries (Cox et al. 2014). 
This shift is borne from the premise that geospatial technologies, synergetic 
applications of remote sensing, and geographical information systems, offer versatile 
cross-scale tools to study long term climate changes, and their impacts on social- and 
ecological systems. 
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According to the UN World Data Forum, the U.N. 2030 Agenda for Sustainable 
Development requires countries to be chiefly responsible for collecting information 
and monitoring progress towards achieving economic, social, and environmental 
sustainability (United Nations World Data Forum 2018). For instance, the UN World 
Data Forum has held sessions to enable the sharing of sound Earth Observation (EO) 
methods, tools, and technologies, as well as national use cases of effective integra- 
tion of EO and geospatial data products with traditional and other relevant informa- 
tion sources in support of the Sustainable Development Goals (SDGs), targets, and 
indicators, and for informed decision-making. Some of the technologies discussed at 
such forms include the African Regional Data Cube, aimed to enable greater use of 
EO and geospatial data for sustainable development (Anderson et al. 2017). 

To strengthen its work at policy level in this area, in 2019, the UN Pulse has been 
engaging African AI experts to lead efforts to draft a Code of Ethics for the use of 
Al-supported systems in humanitarian and development contexts (International 
Telecommunication Union 2019). Once developed, the Code may be used as 
guidance for the work at Global Pulse and at other UN organizations deploying AI 
for social good and to ensure the deployment of such technologies is both ethical and 
human rights respecting. 


Public-Private Partnerships 

Similarly, the private sector has been working with governments on data science 
projects that leverage data for AI applications in humanitarian contexts. For instance, 
the Vodafone Foundation pioneered a program in Ghana to use aggregated 
anonymized data to help the government track and control epidemics to prevent 
widespread outbreaks (Vodafone 2018). The program, dubbed as one of the first of 
its kind globally, tracks and analyzes real-time trends in population movement. The 
program demonstrates the use of big data in situations directly relevant to climate 
change. The Ghana initiative is a good example of a multistakeholder approach to 
technology deployment for humanitarian ends as it is not only supported by 
Vodafone Ghana but also the Flowminder Foundation, an NGO that provides 
insights, tools and capacity-strengthening to governments as well as international 
agencies and NGOs (GhanaWeb 2019). 

The South Africa company Aerobotics, mentioned above, operates a public 
private partnership that utilizes aerial imagery and machine learning algorithms to 
solve specific problems across some industries including insurance and agriculture. 
In May 2019, Aerobotics signed an agreement with Agri SA to offer free service for 
all South African farmers (Lukhanyu 2019). Drones are used to track tree health and 
size, using multispectral, high resolution imagery. The project also enables farmers 
to identify areas needing attention from historical satellite health data, and inspect 
these in the field using a mobile app. The Aerobotics project is supported by the 
South African Department of Environmental Affairs (DEA) which works with the 
Committee on Spatial Information (CSI) and the broader GIS community to define 
the data architecture, systems, standards, policies and processes for a fully integrated 
and effective spatial data infrastructure for the country. The Environmental 
Geographical Information Systems (E-GIS) webpage provides access to baseline 
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environmental geospatial data, map services, printable maps and relevant documents 
to users of geospatial technology, government, and the public (Department of 
Environmental Affairs South Africa 2016). 

Another example, also out of South Africa, applies machine learning to the issue 
of air quality prediction (Chiwewe and Ditsela 2016). Stemming from the Green 
Horizons initiative, IBM researchers partnered with Chinese government researchers 
for the purpose of building air quality prediction software. In Johannesburg, the 
work is to adapt the air quality prediction software to the local context. The Green 
Horizon’s system harnesses historical and real time data about weather, air quality, 
topography, and traffic reports to build predictions about air quality. The project’s 
South Africa lead, Tapiwa Chiwewe, says that the task is to tweak the software to 
local particularities. For instance, Johannesburg does not have the dense network of 
air quality monitoring stations (eight stations compared to 35). Chiwewe and the 
team of researchers sought to ‘teach’ the software to work with more sparse data and 
to use intermediate fixes to make up for the lack of data. 


The Private Sector, and Converging Exponential Technologies 


International Organizations & Global Technology Companies 

Globally, converging exponential technologies (AI, robotics, drones, sensors, 
networks) are transforming the future of disaster relief (Diamandis 2019). African 
stakeholders have been experimenting with these technologies in a variety of 
contexts. These efforts have been led by international organizations such as Omdena 
and Element AI, working with local African NGOs like R365 and the Nigerian NGO 
Renewable Africa (Adewumi 2020). Academic institutions and global technology 
companies such as Google also play a part in this work, which span the R&D process 
as well as prototyping and implementation. For example, the Canadian based 
Element AI has African-focused projects that support the use of robots for human- 
itarian purposes. Their intention is to develop human-machine collaborations that 
build up a trusted relationship with AI products and services already available. Two 
further examples are illustrative. Atlas AI, a Silicon Valley public benefit corpora- 
tion, has teamed with the Alliance for a Green Revolution in Africa (AGRA), to 
apply predictive analytics and machine learning to help process numerous datasets in 
an effort to improve smallholding farming output (AGRA 2019). Pennsylvania State 
University developed, deployed, and continue to upgrade PlantVillage, a mobile 
application that uses an AI tool to diagnose crop diseases in Africa (Penn State 
2019). 

Global initiatives inspired by Kenya’s Ushahidi are emerging that leverage AI, 
crowd sourced intelligence, and cutting-edge visualizations to optimize crisis 
response (Starbird 2012). Such projects include One Concern (2020), which 
employs AI in analytical disaster assessment and damage estimates. Crowdsourced 
intelligence (which includes predictive crisis mapping and AI-powered responses) is 
used in response to both natural disasters and humanitarian disasters. An open- 
source crisis-mapping software developed by Ushahidi is used for real-time mining 


55 Use and Impact of Artificial Intelligence on Climate Change Adaptation in. . . 1117 


of social media, news articles, and geo-tagged, time-stamped data from countless 
sources (Meier 2012). As mobile connectivity and abundant sensors converge with 
Al-mined crowd intelligence, real-time awareness will only multiply in speed and 
scale (Diamandis 2019). 

Other organizations are using similar crowdsourcing technologies to address 
different challenges, but such technologies are also helpful in understanding 
agricultural and other environment concerns. IBM's Hello Tractor is an open source 
mobile platform that enables farmers to access tractor services on demand (Assefa 
2018). By using technology integrated from partners like the IoT companies Aeris 
and CalAmp, the platform can tell when a tractor is turned on and how far it travels. 
By using the platform, over the next 5 years, through a public-private partnership, 
John Deere plans to deploy 10,000 tractors in Nigeria, selling them to contractors 
who then rent them out to small farmers (Peters 2018). Considering that climate 
change is expected to increase uncertainty in the long-term viability of agricultural 
land, the availability of tractors for rent will be critical as a means for improving 
flexibility of farmers. 

Another organization using AlI-based crowdsourcing solutions to climate-related 
or climate-relevant challenges is Omdena, which sources ideas to respond to local 
challenges. Several of Omdena's projects are worth discussion. Under one of its 
challenges, 34 collaborators working together with the UN Refugee Agency 
(UNHCR) built several AI and machine learning solutions to predict forced dis- 
placement, violent conflicts, and climate change effects in Somalia (Omdena 2019). 
Their community of AI experts and data scientists have developed several solutions 
to predict climate change and forced displacement in Somalia, where millions of 
people are forced to leave their current area of residence due to natural and man- 
made disasters such as droughts, floods, and violent conflicts. This is a holistic 
project under which Omdena's challenge partner, UNHCR, provides assistance and 
protection for those who are forcibly displaced inside of Somalia. The findings will 
help UNHCR improve speed and efficiency of responses to such disruptions. 

In a second project, Omdena's collaborators analyze conflict data to build a hot 
zone representation, which predicts the most dangerous locations and the highest 
fatalities (Omdena 2019). The machine learning model can help to optimize the 
allocation of utility personnel to handle incidents. A promising application of this 
technology is to leverage satellite images to assess the environmental impact of 
forced displacement and conflict by comparing the weekly Vegetation Health Index 
with human displacement data. 

Omdena's projects are also focused on increasing the adoption of renewable 
energy, an important component of climate change mitigation. In Nigeria, Omdena's 
AI community built an interactive map showing the top Nigerian regions for solar 
power instalments (Adewumi 2020). The solutions will provide helpful insights for 
government and policy makers to make decisions on where to allocate resources in 
the most effective way. In a country where more than 100 million people lack stable 
access to electricity, renewable energy must be a major part of any environmentally 
friendly solution. The Omdena community generated a variety of outputs, including 
a grid coverage analysis and machine-learning-driven heatmaps to identify sites that 
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are most suitable for solar panel installation. Along with an interactive map listing 
the top Nigerian regions in terms of demand for electricity, such tools are helpful for 
those seeking to survey and validate locations before installing solar panels. This 
will enable data-driven investments and policy-making and potentially impact the 
lives of many people in Nigeria. 

A particularly forward-looking initiative is the Microsoft AI for Earth grant 
program. One of the recipients of the grant is Upepo Technology, a Kenyan company 
that plans to use the grant in a water monitoring project. The company is deploying a 
large network of IoT devices, and employing AI algorithms to analyze the data from 
sensors monitoring reservoirs, boreholes, water kiosks, individual taps, and other 
water points. Considering the substantial impact that climate change has on issues 
pertaining to water — particularly by changing the patterns of precipitation — an 
enhanced ability to monitor water usage, wastage, and storage will greatly benefit the 
ability to deal with climate change impacts. 


University Activity 


African universities and academic institutions are also setting up AI technology- 
based projects to tackle environmental issues, including Makerere University in 
Uganda and Carnegie Mellon University in Kigali, which was the first to offer 
a Master of Science Degree in Electrical and Computer Engineering with hands-on 
courses which include machine learning, robotics, and the internet of things 
(Carnegie Mellon University Africa). A few such projects are discussed below. 


AirQo 

The Makerere University Artificial Intelligence Research Group (AIR Lab) special- 
izes in the application of artificial intelligence and data science to challenges 
common in the developing world. AIR Lab received support from the Pulse Lab 
to set up AirQo — an air quality data monitoring, analysis and modelling platform in 
East Africa meant to achieve clean air for all African cities through leveraging data 
(Nabatte 2019). AirQo is deploying a growing network of low-cost air quality 
monitors. Using machine learning and artificial intelligence to collect and analyze 
data, the project makes air quality predictions useful in raising awareness and 
informing policy decisions. Future research plans include the development and 
deployment of machine learning methodology to analyze air pollution data from 
Kampala, in order to determine the source of the pollution and to aid the design of 
mitigating interventions. 


WIMEA-ICT 

WIMEA-ICT is a combined research and capacity building project that seeks to 
improve weather information management in the entire East Africa region by 
development of ICT-based solutions (Norwegian Agency for Development Cooper- 
ation [NORAD] 2013). Funded by the Norwegian Agency for Development Coop- 
eration (Norad) under the NORHED (Norwegian Programme for Capacity 
Development in Higher Education and Research for Development) scheme, the 
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project is a cooperation between Makerere University in Uganda, Dar es Salaam 
Institute of Technology (DIT) in Tanzania, the University of Juba in South Sudan, 
and the Geophysical Institute of the University of Bergen. 

The project recognizes the wide-ranging importance of weather data and the 
problems that result when weather predictions are inaccurate. Although project 
documentation does not specify the use of AI, among the five components of the 
project at least one is ideal for incorporation of AI: development of numerical 
weather prediction models specifically designed for the East African context. 


The Potential of AI 


It is not difficult to identify a long list of research projects that focus on various climate 
change issues in Africa. Many such projects include analyses of large datasets that 
would, seemingly, be ideal for analysis by AI algorithms. For example, Petja et al. 
(2004) describe an analysis of South African regional weather data dating from 1900 
onward and satellite data dating from 1985 onward. The data are used to monitor 
regional climate and vegetation variations over time. In another example, Hagenlocher 
et al. (2014) describe the combination of numerous datasets to develop a cumulative 
climate change impact indicator. Applied to sub-Saharan Africa, the authors identified, 
evaluated, and mapped 19 hotspots that exhibited the most severe climate changes. In 
research out of Stanford University, Burke and Lobell (2017) demonstrated the impor- 
tance of high-resolution satellite imagery data to estimate and understand yield varia- 
tion among smallholder African farmers. This understanding generates various 
potential capabilities including the inexpensive measurement of the impact of specific 
interventions, the broader characterization of the source and magnitude of yield gaps, 
and the development of financial products aimed at African smallholders. 

Although the immediately foregoing examples, and many other studies, do not 
specifically mention the use of AI, it is clear that large interrelated datasets are of 
vital importance to many different areas of research relevant to climate change. 
There is significant room for AI to be used by researchers to improve methodologies 
involving analysis of weather and other data (Rasp et al. 2018). 


Challenges and Future Applications 

Development of advanced technologies typically encounters challenges, and AI 
technologies and applications with a focus on climate change are no exception. 
Besides the typical challenges of developing AI products and services, Africa pre- 
sents unique challenges both technological and political/ethical. 


Scope of the Problem 


Technologies powered by machine learning (ML) algorithms, including those 
discussed herein that aid climate analysis (Huntingford et al. 2019), have advanced 
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dramatically, triggering breakthroughs in other research sectors. Although a consid- 
erable number of isolated Earth System features have been analyzed with ML 
techniques, more generic application to understand better the full climate system 
has not occurred, and the technology to do so may be quite far from the current state 
of development. At this stage of development, Artificial intelligence (AI) can be used 
to analyze smaller systems and provide enhanced warnings of approaching weather 
features, including extreme events. ML and AI can aid in understanding and 
improving existing data and simulations, as it has done in other systems 
(Huntingford et al. 2019). For instance, Airbus Defence and Space is using 
TensorFlow, the open-source set of AI tools from Google, to extract information 
from satellite images and offer valuable insights to customers. In a similar manner, 
AI can be used to detect and analyze isolated Earth System features and climate 
patterns, especially with the latest release of TensorFlow Quantum which enables a 
faster prototyping of ML models. Nevertheless, modeling the entire global climate 
remains challenging, and predictions from such models vary at all scales. Until the 
computational power and models have been refined to enable accurate global pre- 
dictions, the need remains for smaller scale models. Local modeling requires context 
specific data and algorithms, so efforts toward development of Africa-specific 
climate change models must continue to be encouraged. 


Ethical Issues of Predicting Climate Change Impacts 


AI algorithms are well suited to analyze large datasets and detect patterns, so they are 
naturally well suited for looking at patterns of large-scale human movement and the 
data that might be associated with such movement (Beduschi 2020). For example, it 
is postulated that economic data such as GDP growth, along with trends in other data 
such as population growth and weather data (which might indicate food security 
issues), can be used to predict future large-scale human migration (Nyoni 2017). 
Accuracy of the predictions can be increased by incorporating real-time data points, 
such as announcements by government central banks, military actions, and weather 
observations. 

Assuming there is a reasonable level of accuracy, predicting the location or the 
country most likely to suffer the next crisis of human migration has both remedial 
and prophylactic uses (TEDx Talks 2016). Humanitarian organizations can begin 
preparations for dealing with the crisis, and intergovernmental financial institutions 
can consider policy measures to ease debt burdens or encourage growth. Local and 
national governments of the yet-to-be affected regions can take measures to calm 
tensions and address the issues that cause migration. As useful as such predictions 
may be, this use case raises extreme ethical issues, for example by encouraging 
international efforts (including both active and passive efforts) to promote regime 
change where a specific government's policies appear to be leading to a future 
migratory crisis. Additionally, a prediction of a future migratory crisis may be a 
self-fulfilling prophecy, by increasing tension among the population and reducing 
investor confidence in the economy. The good intentions of those developing the 
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technology, in this case, may increase the likelihood of the humanitarian disasters 
that they are seeking to ease. 


Data Inadequacies 


Apart from ethical issues, the development of AI for combating climate change in 
Africa may be severely hampered by a lack of data. The concept of a digital divide is 
many decades old, and documentation of the digital divide separating Africa from 
other regions is well established (Karar 2019). The modern-day extension of this 
concept is that of a data divide (Castro 2014), also referred to as a data desert or data 
poverty. First recognized with respect to certain populations in developed countries, 
the data divide is a problem in Africa and with respect to climate change for a variety 
of reasons. Historical weather data is less extensive in Africa compared with other 
parts of the world (Dinku 2018). Current data is also less extensive, as there are 
fewer weather satellites monitoring Africa than other regions and ground-based 
sensing is also less extensive (Dinku et al. 2011). 

Even where there is historical climate data, those data may be inaccessible — for 
example, because African governments and their weather agencies are increasingly 
seeking to commercialize the data, or because the data are not digitized (Nordling 
2019). In this context, the issue of a data divide is complex and is indicative of an 
uneven power dynamic. As with many other areas, Africa engages the rest of the 
world from a disadvantaged position, and the unbalanced power of the relationship 
may negatively affect the outcome. Whereas monetizing data is a common practice 
in developed countries, because African nations need significant help in building the 
infrastructure for collecting data, they are expected to willingly release the data. A 
data commons, in which climate data is readily available for all to use, is vitally 
important to help climate scientists and other interested parties understand the 
impacts of climate change in Africa. Nevertheless, the desire of data holders to 
seek ways of monetizing their data is understandable. 

The concept of Africa as a data desert may, therefore, be unfairly characterizing 
the true situation. Rather than an absence of data, as the desert analogy implies, it is 
probably more accurate to say that data are present but not as readily available or 
easily searchable. As mentioned previously, African government websites may lack 
updated data (Ndongmo 2016), but this does not mean that they are not collecting the 
data. Open data portals are present in a few countries but have not become 
mainstream methods for governments to disseminate datasets. In some cases, 
governments generate revenue by selling datasets, and therefore have little incentive 
to making them available on an open platform. Efforts at increasing the volume of 
data collected about Africa should take into account these issues. 

Regardless of the causes of the data divide, there is no doubt that insufficient data 
is important in Africa's ability to adapt to climate change. Climate change does not 
affect all geographical locations equally (United States Environmental Protection 
Agency (USEPA) 2017). As the global average temperature rises, and sea levels rise, 
average temperatures in some areas may decline. Overall rainfall may increase or 
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decrease in any particular location, depending on a variety of factors. Extremes in 
precipitation and temperatures will also be in homogeneously affected. These 
variations would be less problematic if data were gathered with uniform consistency 
in all locations, but as mentioned previously, data collection in Africa is less 
consistent and less thorough. The result of this situation is likely to be less accurate 
predictions of the effects of climate change in Africa compared with other regions. 
Less accurate predictions may mean that local and international decision makers are 
unable to adequately prepare for the impacts of climate change. 

Whether due to inefficient dissemination or to a fundamental lack of collection, or 
to some other reasons, the lack of available data has severe implications for the use 
of AI in adapting to climate change. Without sufficient data, AI algorithms are 
substantially less accurate and useful (West and Allen 2018). The trend in Africa, 
however, appears to be shifting toward a wider availability of data and a greater 
effort toward utilizing all available tools, including AI, in addressing climate change 
issues. 


Conclusions 


Some countries are serious in their look toward the future. For example, Ethiopia 
launched its first observatory satellite into space in 2019. The 70-kg remote sensing 
satellite is to be used for agricultural, climate, mining and environmental observa- 
tions, allowing the Horn of Africa to collect data and improve its ability to plan for 
changing weather patterns for example. The satellite will operate from space around 
700 km above the surface of earth. Developments in Ethiopia follow the introduction 
by the African Union of an African space policy, which calls for the development of 
a continental outer-space program and the adoption of a framework to use satellite 
communication for economic progress. Clearly, efforts such as this are forward 
thinking and will help the continent to address the lack of data that hampers the 
use of AI to address issues of climate change. 

The problems of climate change are global, but Africa is likely to suffer to a 
greater degree compared with other regions. Scientists and policymakers in Africa 
need every available tool to help the continent adapt to the changes, but should 
always keep in mind the severity and scale of the problem. Notwithstanding the 
benefits that AI clearly brings, or promises to bring, in the efforts to adapt to climate 
change, it is clear that the fourth industrial revolution cannot fix what the second 
industrial revolution started. 
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Abstract 


This chapter investigates extreme rainfall events that caused flood during summer 
months of June-September 2010-2014. The aim is to determine the impact of 
horizontal moisture flux divergence (HMFD) and vertical wind shear on forecasting 
extreme rainfall events over Nigeria. Wind divergence and convective available 
potential energy (CAPE) were also examined to ascertain their threshold values 
during the events. The data used include rainfall observation from 40 synoptic 
stations across Nigeria, reanalyzed datasets from ECMWF at 0.125? x 0.125? 
resolution and the Tropical Rainfall Measuring Mission (TRMM) dataset at reso- 
lution of 0.25? x 0.25°. The ECMWF datasets for the selected days were employed 
to derive the moisture flux divergence, wind shear, and wind convergence. The 
derived meteorological parameters and the CAPE were spatially analyzed and 
superimposed on the precipitation obtained from the satellite data. The mean 
moisture flux and CAPE for some northern Nigerian stations were also plotted 
for 3 days prior to and 3 days after the storm. The result showed that HMFD and 
CAPE increased few days before the storm and peak on the day of the storms, and 
then declined afterwards. HMFD values above 1.0 x 10 ^g kg ! s^! is capable of 
producing substantial amount of rainfall mostly above 50 mm while wind shear has 
a much weaker impact on higher rainfall amount than moisture availability. CAPE 
above 1000 Jkg~' and 1500 Jk”! are favorable for convection over the southern 
and northern Nigeria, respectively. The study recommends quantitative analysis of 
moisture flux as a valuable short-term severe storm predictor and should be 
considered in the prediction of extreme rainfall. 


Keywords 
Mesoscale convective system * Moisture flux divergence - Wind shear - Extreme 
rainfall - Flood 


Introduction 


Human-induced climate change has increased the amount of water vapor in the 
atmosphere and has caused adverse effects on different regions, ecosystems, and 
economies across the world (Nwankwoala 2015). These effects depend not only on 
the sensitivity of populace to climate change but also on their ability to adapt to risks 
and changes associated with it. Since the atmospheric moisture budget plays an 
important role in the hydrology of a particular region, the changing weather patterns 
caused by climate change has increased the incidences of extreme rainfall events 
(Roshani et al. 2012; Weisman et al. 1988). Rainfall variability associated with 
climate change has impacted socioeconomic activities such as agriculture, food 
security, water resources management, health sector, hydroelectric power genera- 
tion, and dam management among others in Nigeria (Bello 2010). Most of the 
negative effects of rainfall variability are on agriculture since majority of farmers 
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in the country depend on rain-fed agriculture for livelihood (IPCC 2014; Lawal et al. 
2016). Levels of adaptation of farmers in Nigeria to climate change is low, due to 
lack of adequate education, assets, information, and income (Madu 2016), and 
consequently agriculture is more vulnerable to climate change impact. Rainfall over 
Nigeria is mostly from the West African Monsoon systems (WAMS) (Diatta and Fink 
2014), and agriculture is an important sector of economy of the country which is 
highly dependent on the WAMS (Raj et al. 2019). Studies have shown that the 
complexity of the atmospheric dynamics that generate rainfall, temporal and spatial 
variation of its scale made it difficult to understand and model. Also, the required 
parameters to predict it are usually complex even for a short-term period (Sumi et al. 
2012). Majority of the results of studies conducted on extreme precipitation events 
over Nigeria showed that there have been some notable increase in intensity of rainfall 
extremes which usually claim many lives and properties (Okorie 2015). 

In recent times, incidences of large storms have become more frequent with 
increased intensity, especially the occurrences of high rainfall in form of intense 
single-day events causing devastating flood (Enete 2014). However, short-range 
forecasting of these flood occurrences has been a great challenge. Studies have also 
shown that the distinctive property of West African monsoon flow is that there is 
seasonal, monthly, and daily variability in its moisture content mainly in the lowest 
1 km of the atmosphere (Omotosho and Abiodun 2007). Furthermore, the intensity 
and duration of extreme rainfall are majorly dependent on the adequacy of moisture 
carried by the moist southwesterly flow from the South Atlantic Ocean. Studies have 
also shown that the daily variability of moisture advection mechanisms is responsible 
for the changes in the intensity and amount of rainfall (Omotosho et al. 2000). 
Couvreux et al. (2010) noted that at low level, daily moisture transport takes place 
with periodic northward advection of moisture flux that has 3—5 days frequency. 
A study conducted by Bechtold et al. (2004) also showed that large-scale thunder- 
storms in form of Mesoscale Convective Systems (MCSs) are formed over West 
Africa when there is constant supply of low-level moisture. The action of synoptic 
scale intensification of the St. Helena high pressure system over the South Atlantic 
Ocean is majorly responsible for moisture divergence into West Africa. Similarly, in a 
numerical study of moisture build-up and rainfall done by Omotosho and Abiodun 
(2007), it was reported that the rainfall amount does not depend on the monsoon flow 
alone but majorly on the sufficiency and the variability of its moisture content. Other 
studies have also examined the influence and interaction of different scales of motion 
such as African Easterly Jet (AEJ), Tropical Easterly Jet (TEJ), and African Easterly 
Waves (AEW) on the formation of MCSs (Nicholson 2013). These studies focused 
mainly on the scale interactions responsible for seasonal variability in weather pattern 
during northern summer (Janicot et al. 2011). They, however, did not consider in detail 
the quantity of daily moisture advection responsible for these rainfall extremes. The 
main focus of this chapter is to contribute to the understanding of the impact of 
moisture flux on the rainfall amount. Hence, it is necessary to study extreme precip- 
itation events and diagnose the signatures of the meteorological parameters peculiar to 
such events. Studying this may enhance the assessment of the manner in which 
extreme rainfall events evolve and therefore provide a short-term early warning 
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method to forecasters. It will also assist in understanding the evolution of some derived 
meteorological parameters such as the moisture flux which determines the quantity of 
rainfall and the wind shear which determines the life span of the storm (Weisman et al. 
1988). Thorough understanding of these parameters will aid reliable short-term flood 
forecast. The usefulness of horizontal moisture flux at or near the earth’s surface as a 
thunderstorm predictor has been recognized throughout various studies (Beckman 
1990). Apart from the availability of moisture, sustenance of MCSs also requires a 
certain magnitude of vertical wind shear to produce a stronger and longer-lived 
system (Weisman and Rotunno 2004). Observational and numerical studies have 
revealed that horizontal winds and their vertical structures have important impacts 
on convective development; to buttress this point, Omotosho (1987) noted that 
thunderstorms occur, most frequently, in association with low-level wind shears 
below the AEJ (surface to 700 hPa) ranging from —20 to —5 s ! and for mid 
troposphere (700-400 hPa) in the range of 0 to 10s '. Despite the importance of 
wind shear, its effect on MCS has not been treated explicitly over Nigeria. 

Most climate prediction models do not perform well in prediction of extreme 
rainfall events over West Africa because of their low resolution (Nyakwada 2004), 
the nature of parameterization schemes employed in the model, scarcity of real-time 
data, and mostly due to the convective nature of West African rainfall, hence the 
forecast of extreme rainfall event is a major challenge to forecasters in West Africa. 
The aim of this chapter is therefore to determine the impact of moisture flux, vertical 
wind shear, and other derived meteorological parameters such as wind divergence 
and convective available potential energy (CAPE) on MCSs during extreme rainfall 
events over Nigeria. Therefore, the study investigates the spatiotemporal variability 
of moisture flux that feeds into MCSs and its impacts on the occurrences of high 
impact rainfall. The objective is to assess the threshold values of derived meteoro- 
logical parameters responsible for isolated cases of extreme precipitation in order to 
enhance its predictability and contribute to the understanding of the impact of 
moisture flux on the amount of precipitation. This research makes use of a syner- 
gistic approach involving the moisture flux divergence, wind shear analysis below 
and above the AEJ, and CAPE. The spatial distribution of these derived parameters 
is considered, with a focus on understanding their contribution to the formation and 
sustenance of MCSs during extreme rainfall events. This chapter will be a useful 
guide for further investigations into accurate prediction of high impact rainfall that 
can result into flood events using moisture flux analysis. 


Description of the Study Area and Methodology 

Study Area 

Nigeria is situated between latitudes 4° and 14?N and longitudes 2° and 15°E and 
falls within the tropics. It shares borders with Niger in the north, Chad in the 


northeast, Benin in the west, Cameroon in the east, and its coast in the south borders 
the Gulf of Guinea on the South Atlantic Ocean. Precipitation is received mainly 
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Fig. 1 Map of Nigeria showing the whole country as study area and spatial distribution of Nigerian 
Meteorological Agency synoptic stations used in this chapter 


during the northern hemispheric summer, which is referred to as the wet seasons. 
Moist southwesterly winds from the South Atlantic Ocean prevail during the sum- 
mer while dry northeasterlies from the Sahara desert are dominant in the winter 
which is the dry season (Fig. 1). 

The confluence zone between both wind systems is the Inter-tropical Disconti- 
nuity (ITD). The surface location of the ITD significantly accounts for rainfall 
interannual variability in the country (Nicholson 2009). The ITD fluctuates season- 
ally during the northern summer over West Africa and migrates northward from its 
winter position of 4?N to its northernmost position of about 22?N (Fig. 2). The 
amount of rainfall experienced by different areas depends on the position of the ITD. 
Most of the convective rainfall follows the south-north-south displacement of the 
ITD (Sultan and Janicot 2003). 


Data 


Daily data for selected days of heavy rainfall was obtained from the European Centre 
for Medium-Range Weather Forecast’s (ECMWF) ERA-INTERIM dataset on a 
gridded point of 0.125? x 0.125? and pressure levels of 1000, 850, 700, 400, and 
200 hPa for the summer months of June-September 2010—2014. The daily datasets 
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Fig. 2 Decadal latitudinal positions of the ITD in 2018 and its climatological mean over Nigeria. 
(Source: NiMet Climate Review Bulletin 2018) 


are convective available potential energy (CAPE), specific humidity, zonal (U), 
meridional (V) winds, and divergence. Daily-accumulated rainfall was obtained 
from Tropical Rainfall Measuring Mission (TRMM) dataset, at a resolution of 
0.25? x 0.25°. Observed rainfall for the months of June-September 2010-2014 
was obtained from the Nigerian Meteorological Agency (NiMet) from 40 synoptic 
stations over Nigeria as shown in Fig. | to validate the TRMM dataset. Days of 
unusually high amount of rainfall during the months of June-September were 
selected from 2010 to 2014. 


Research Methodology 


Derived meteorological parameters such as moisture flux, CAPE, vertical wind shear, 
monsoon depth, the strengths of AEJ and TEJ were evaluated on these specific days to 
ascertain the characteristics of atmospheric dynamics during the occurrences of 
extreme rainfall events. The monsoon depth, the strengths of AEJ and TEJ are 
obtained by plotting the vertical wind profile using the U component of wind. The 
atmospheric dynamics of these events were diagnosed to find out the significant 
threshold of moisture flux, CAPE, vertical wind shear, monsoon depth, the strengths 
of AEJ and TEJ that may possibly be responsible for such unusually high amount of 
rainfall. Convective days were compared to a non-convective day to determine the 
difference in the characteristics of the atmospheric dynamics. Observationally, while 
there were occurrences of thunderstorms with heavy rainfall on convective days, none 
occurred on non-convective days. Ten weather events that produce rainfall above 
50 mm were also selected for four meteorological stations over the northern region 
from 2010 to 2014. The mean of derived parameters such as moisture flux and CAPE 
3 days prior and after the rainfall events are calculated to assess their characteristics 
during the period. (12.00°N, 8.59°E), Maiduguri (11.83 N, 13.15?E), Sokoto (13.01? 
N, 5.25?E), and Yelwa (10.83?N, 4.74°E) were chosen, because according to 
Omotosho (1985), about 90% of rainfall over these stations is attributed to MCSs. 
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Computation of Horizontal Moisture Flux and Wind Shear 
Horizontal moisture flux is computed by the following formula. 
Using U and V components of wind, 


Qu OV 
V.V= pm + y (1) 
where V. V — Divergence 
Horizontal moisture flux divergence (HMFD) fields were derived from the 
specific humidity and components of the wind for the surface and 850 hPa by 
using the following formula: 


7 ôq ðq , ðu , OV 
HMF = (vi va) | (2e | 2 (2) 
where: 
aa + y 2a is the Advection term 
Ox Oy 
Qu Ov). : 
(«os + x) is the divergence term 


where (q) is the specific humidity, (u) and (v) are zonal and meridional wind speed 
components of q, u and v; the advection term represents the horizontal advection of 
specific humidity, while the divergence term denotes the product of the specific 
humidity and horizontal mass convergence. 2 and $ show the horizontal variation 


of atmospheric quantities such as specific humidity and wind. The first term in the 
moisture flux (MF) equation is moisture advection. This term incorporates changes 
of the moisture field with time or the flux of the moisture field. The moisture 
advection term, similar to the mass divergence term, incorporates into MF the effects 
of moisture availability on convection. The second term, mass convergence term 
incorporates moisture accumulation by multiplying the wind convergence, which is 
the rate at which the air itself is pooling, by the moisture content of the air (mixing 
ratio). The mass convergence term is usually the dominant term, and observations 
have shown that the moisture advection term can significantly contribute to the 
development and subsequent intensification of storms. By combining the effects of 
mass convergence as a low-level forcing mechanism with moisture availability, 
moisture flux incorporates most of the ingredients necessary for convection (Roshani 
et al. 2012). 

Vertical wind shear (U s) was calculated using the zonal component of wind 
at 1000, 700, 400, and 200 hPa levels. The vertical wind shear (Us) is defined 
as: 


Us -4-S (3) 
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The vertical wind shear at the lower, mid, and upper troposphere using the 
formula (Omotosho 1987): 


Us (1) = U700 = Usurface (4) 
Us (m) = Usoo — U700 (5) 
Us (u) = U200 — Uaoo (6) 


where: 


Us a) = Wind shear at lower troposphere 
Us «wy = Wind shear at mid troposphere 
Us (uy = Wind shear at upper troposphere 


Rainfall events that produced rainfall above 50 mm were also selected for four 
meteorological stations over the northern Nigerian region from 2010 to 2014. The 
mean of derived moisture flux and CAPE 3 days prior and after the rainfall events 
were calculated to assess their characteristics during the period. Kano (12.00°N, 
8.59°E), Maiduguri (11.83°N, 13.15°E), Sokoto (13.01°N, 5.25°E), and Yelwa 
(10.83°N, 4.74°E) were chosen, because according to Omotosho (1985), about 
90% of rainfall over these stations is attributed to MCSs. 


Result 
Convective Days 


Moisture Flux Analysis 

The study presents the analysis of rainfall events that took place from the first to third 
July 2014 over most parts of the country. The intense rainfall observed led to 
flooding which resulted into loss of lives and properties. The TRMM rainfall 
analysis over the country from first to third as shown by Fig. 3a-c depicted the 
widespread rainfall across the country during the period. Rainfall amount of 71.5, 
104, and 117 mm was observed on the first to third day, respectively, over 
Eket (4.65°N, 7.94°E), a coastal city in the southeastern part of the country. The 
horizontal moisture flux divergence (HMFD) analysis indicated that divergence 
of moisture at the surface was from the South Atlantic Ocean for the 3 days 
considered. Figure 4a—c showed that the values of HMFD ranged from 0.10 to 
1.05 x 10 ^g kg ! s^! on the first day with slight reduction on the second day to 
0.85 x l0 ^ gkg ' s! while the maximum value of HMFD on the third day was up 
to 1.25 x 10°-° gkg ' s^!. This analysis showed that higher the amount of moisture 
supplied to the storm, the higher the amount of precipitation. The analysis at 850 hPa 
level as shown by Fig. 5a-c depicted that area of moisture divergence shifted from 
the coast to mainly over the high grounds of Jos, Mambilla plateaus, and other high 
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grounds across the country. Values of HMFD ranged from 0.01 to 
0.55 x 10 $g kg ! s^! on the first and second day and increased to 
1.15 x 10 Sg kg! s~! on the third day. It was observed that close to the divergence 
areas were areas of strong convergence, which coincided with areas of highest 
precipitation. 


Wind Divergence Analysis 

Figures 6a-c and 7a-c showed the observed rainfall distribution over the country 
was maximum along the coastal areas and some inland cities of the southwest, e.g., 
at Shaki (8.35?N, 5.47?E) on the first day, strong wind divergence at 200 hPa level 
exactly over this area enhanced the lower tropospheric wind convergence. This is 
consistent with Nicholson (2009) which stated that strong upper-level divergence is 
associated with strong upward motion and severe convective storms; in contrast, 
upper-level convergence usually indicates downward motion, which is a sign of 
decaying convection. Due to this strong divergence at the upper level, convection 
became vigorous and vertical transport of moisture was enhanced from the lower 
troposphere. However, Fig. 5b shows that along the coast, convergence was 
observed at the surface with corresponding divergence at 200 hPa with little amount 
of rainfall; this may also be attributed to insufficient moisture as shown by the 
moisture flux analysis. Similarly, over the western parts of the country, wind 
divergence was at the surface with corresponding convergence at 200 hPa, hence 
less precipitation was observed. 


Vertical Wind Shear 

The wind shear analysis, Fig. 8a—c showed that the low-level wind shear Us) 
ranged between —4 s™! and —14 s^! across the country. These values agreed with 
Omotosho (1987) who showed that thunderstorms occur most frequently in 
association with low-level shears, below the African Easterly Jet (1.e., surface to 
700 hPa) with values within - 20 ~ < Usp ~<- 5 s^ !. Areas with precipitation 
value above 50 mm have values of Us qa) of —14 s^! and above. However, some 
areas with Us q) of — 14 s^! did not record any rainfall, this may be attributed to 
wind divergence observed at the surface or inadequate moisture supply (Grist and 
Nicholson, 2001). The value of Us qœ) ranges from —8 to —4 s! over the 
southwest on the first and second day and up to —12 s^! on the third day. 
Considerable amount of rainfall observed over these regions coincided with 
areas with adequate moisture flux convergence on the first and third day. 
According to Rotunno et al. (1988) and Weisman et al. (1988), vertical wind 
shear is important in the formation of organized long-lived convection; however, 
very strong horizontal wind shear can inhibit the growth of cumulus clouds by 
blowing away the parts of the cloud containing the best developed precipitation 
particle and thereby preventing the process of precipitation (Rickenbach et al. 
2002). Figure 8a—c showed that the value of mid-level wind shear Us (y) over the 
country ranges between 0 and 2 s_' except on the second day where the value of 
WsU over western parts is between 0 and —10s_’. It is noteworthy that moder- 
ately sheared environment is important for sustaining MCSs during extreme 
rainfall event (Figs. 9 and 10). 


1139 


56 Impact of Moisture Flux and Vertical Wind Shear on Forecasting Extreme. . . 


(eoues1oAuoo ojeorpur sour POOP) tT0c ATE E—T OF (,.. s :mojuoo) ooggins je oouog1oArp pura pue (urur 10709) jTejurer jo uognquisrp peneds (9e) 


BONLONOT 3ONLONOT ZANLIONOT 
Ori 307: 3.000 308 — 109 0v 3.07 


30'i 207) 34001. 3409 309 30+ — 3.07 


30'i JOZI 300: 3409 309 30r 30€ 


NO NOV 
N49 NO'9 
E NU E N08 
ron NeO'OL d [Xr 
aw nozi Nozi 
7— 


95614 


1140 O. A. Olaniyan et al. 


40°F 60E BOE 100'E 120'E 140'E 
LONGITUDE 


[s 
: 
F 
T 
E: 
8 
E 


bd 3onuuva 


Fig.7 (a-c) Spatial distribution of Rainfall (color; mm) and wind divergence at 200 hPa (contour; s^!) for 1-3 July 2014 (dotted lines indicate convergence) 
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Wind Vector at 850 hPa 

Figure 11a-c showed that there was continuous moisture supply from the Atlantic 
Ocean throughout the rainfall events. Moist southwesterly winds convergence that 
was observed along the southwest coast on the first day produced significant amount 
of rainfall over Lagos (6.52°N, 3.37°E) and Lokoja (7.80°N, 6.73?E) axis. The wind 
flow from south to north remained steady from the day | and 2. Although over the 
northern parts, the wind direction indicated northeasterly flow on day 3, but suffi- 
cient residual moisture has already accumulated over the country up to the northern 
areas before the occurrence of a more widespread and heavy rainfall on the third day 
as shown by Fig. (11a—b). On the third day, over the southeastern parts, there was a 
well-organized deep monsoon flow from the Gulf of Guinea feeding into a vortex 
over the inland area of the southeastern parts of the country. The advected moisture 
depth was enough to maintain the active system over the southeastern axis as shown 
by the HMFD analysis. A total rainfall of 292.5 mm was recorded round Eket (4.65? 
N, 7.94°E), the vicinity of the vortex. 
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Fig. 11 (a-c): Spatial distribution of wind vector at 850 hPa for 1-3 July 2014 
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Convective Available Potential Energy (CAPE) 

CAPE is an energy-based measure of atmospheric stability; it is a very important 
index in the forecasting of rainfall over Nigeria (Olaniyan et al. 2015). Figure 12a—c 
showed that the CAPE up to 2900 Jkg™' was observed over the northeast and central 
parts in the first and second day; however, not much precipitation was recorded. This 
may also be attributed to insufficient moisture as shown by Fig. 4a—b. Over the 
southwest, CAPE value of 1600 Jkg ' and 2400 Jkg ! was observed on the first day 
and the second day, respectively, but due to reduction in moisture flux on the second 
day, rainfall reduction was observed compared to the first day. Over the southeastern 
parts, the CAPE values vary from 800 JKg ! to 1600 JKg ' and 1000-1500 Jkg ^! 
on the first and second day, respectively, while on the third day, the value ranged 
from 1000 JKg ! to 1500 JKg_', and the highest amount of rainfall was observed on 
the third day. Over the northern parts, CAPE values favorable for convection ranges 
between 1000 and 2800 Jkg ' on the first day, while it is 600-3000 Jkg~' on the 
second day though no rainfall was observed on this day due to reduced moisture flux. 
On the third day, the CAPE value was 2500 Jkg™' and peaked to 4000 Jkg '!, higher 
rainfall was observed due to abundant moisture over this area indicating a deep layer 
of moisture to fuel the MCSs. A consistent pattern of CAPE was observed through- 
out the rainfall events, CAPE increases from coastal to the northern parts of Nigeria 
and the higher the CAPE, the higher the intensity of storm, provided moisture is 
sufficient. 


Vertical Wind Profile (AEJ, TEJ, and Monsoon Depth) 

Figure 13a-c showed the extent of the moist southwesterly winds, the strength of the 
AEJ and the TEJ over the south and northern regions, and their mean position over 
the whole country, respectively, from the first to third of July. The zonal wind at the 
surface was westerly with speed of about 2, 6, and 5 ms _', respectively, over the 
south of 9?N, north of 9?N, and the entire country. The first and second days 
indicated lower moisture depth at 900 hPa compared to 950 hPa on the third day 
(Fig. 13c). The AEJ was located at about 700 hPa with a mean speed of 12, 10, and 
8 ms ! for the first, second, and third day, respectively, while the speed of TEJ was 
18, 12, and 13 ms™', respectively, for the 3 days over the entire country. Thermo- 
dynamically, the AEJ is often responsible for advection of both sensible heat and 
latent energy into regions where severe thunderstorms are formed. TEJ is responsible 
for enhancing upper level divergence, which in turn encourages vertical motion and 
lower level convergence (Nicholson et al. 2012). Therefore, the strength of the jets 
and the availability of adequate moisture support these extreme rainfall events. 


Non-convective Day 


Generally, the atmosphere was stable on this day; most stations in the country 
reported no rainfall. Analysis of a non-convective day was done to evaluate the 
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Fig. 13 (a-c) Vertical wind profiles (in m/s) averaged over (a) south of 9°N, (b) north of 9°N, and 
(€) the entire Nigeria for 1-3 July 2014. Days 1, 2, and 3 are indicated in blue, red, and gray lines, 
respectively 


difference in the behavior of the convective parameters in order to identify the reason 
for the observed stability in the atmosphere on the day. 


Divergence Analysis 
Figure 14a, b shows that over the southwestern parts of the country, convergence 
was observed at the surface and also at 200 hPa, and hence vertical motion was 
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Fig. 14 Spatial distribution of rainfall (color; mm) and wind divergence at (a) 1000 hPa (b) 
200 hPa level (contour; s^!) for 27 August 2014 (dotted lines indicate convergence) 


suppressed; this may be due to widespread subsidence prominent during this period 
caused by reduced sea surface temperature and the ridging effect of the south 
Atlantic high pressure system over the St. Helena. This period is usually referred 
to as the little dry season. However, over some parts of the central region and the 
southeastern coast, convergence was observed at the surface while there was 
corresponding divergence at 200 hPa, but no rainfall was observed; this may be 
due to lack of sufficient moisture as shown by the HMFD (as shown in the next 
section) analysis. The rest of the country was prevailed by convergence at 200 hPa 
while divergence was observed at the surface. These features could suppress vertical 
transport of moisture. 


Moisture Flux Analysis 

The HMFD analysis at the surface in Fig. 15a shows that less moisture was available 
at the surface and 850 hpa level. Moisture flux diverging from the Atlantic Ocean at 
the surface over the southwest coast was almost negligible, while over the south- 
eastern part extended from the coast even to the inland has values ranging from 0.10 
to 0.55 x 10 kg/gs™!. Although wind convergence is present at the surface with 
corresponding divergence at 200 hPa, moisture may not be sufficient as shown in 
Fig. 14b, hence no rainfall is observed over the country. 


Vertical Wind Shear Analysis 

Figure 16a—c shows that Usq values ranged between 0 s^! and —12 s^! The value 
of Uso) across the country ranged from 0 s ! to —8 s^!, zero value was observed 
over the central state, while the value of Usu) ranged from —8 s to —18 sas 
shown in Fig. 15a-c. Although this range is conducive for storm initiation, provided 
other conditions such as moisture availability, lower level convergence, and upper 
level divergence are met; otherwise, convection may be suppressed. 
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Fig.15 (aand b) Spatial distribution of horizontal moisture flux divergence (HMFD) at the surface 
(1000 hPa) and 850 hPa for 27 August 2014 (conversely, dotted lines indicate moisture 
convergence) 


Wind Vector 

The wind vector analysis shown in Fig. 17 depicted the prevalence of southwesterly 
wind from the Atlantic Ocean, but no rainfall was over the country; this was 
confirmed by insufficient moisture as shown in the moisture flux analysis of 
Fig. 15a, b despite the fact that the entire country was prevailed by southwesterly 
winds, and no rainfall was recorded across the country. According to Omotosho and 
Abiodun (2007), little or no precipitation is observed below a certain limit of 
atmospheric moisture. 


Convective Available Potential Energy (CAPE) 

Figure 18 shows that the CAPE across the country ranges between 200 Jkg' in the 
south and 1200 Jkg~' over the north; this is an indication of less potential energy to 
support convection, and for this particular day, moisture was also not sufficient to 
support rainfall as shown by HMFD analysis (Fig. 15a, b). 


Mean HMFD and CAPE at the Surface, Three Days Prior and Three 
Days After Storm Events 


Ten weather events that produce rainfall above 50 mm were selected for four 
meteorological stations over the northern Nigeria from 2010 to 2014. The mean of 
derived parameters for selected days namely, horizontal moisture flux divergence 
(HMFD) and CAPE were evaluated 3 days before and 3 days after the storm over the 
northern stations of Kano (12.00°N, 8.59°E), Maiduguri (11.83 N, 13.15?E), Sokoto 
(13.01°N, 5.25?E), and Yelwa (10.83°N, 4.74?E) depicted in Figs. 19a, b, 20a, b, 
21a, b, and 22a, b, respectively. On these figures, horizontal axes represent days; 
with 0 representing the day of the stormy events while negative and positive values 
(day) represent, respectively, 3 days prior and 3 days after the storm. Generally, 
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Fig. 17 Spatial distribution of wind vector over Nigeria at 850 hPa for 27 August 2014 
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Fig. 18 Spatial distribution of CAPE over Nigeria for 27 August 2014 


moisture divergence from the Atlantic Ocean accumulates prior to the storm, reaches 
climax on the day of the rainfall event, and starts declining after the storm (Panel (a) 
of Figs. 19, 20, 21, and 22). The mean HMFD was highest on day 0 which is day of 
the rainstorm. This is depicted by negative moisture flux and afterwards it gradually 
decreased after the storm. The analysis showed that extreme rainfall events are 
characterized by significant moisture flux divergence prior to storm events. Panel 
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Fig. 19 (a and b) Derived meteorological parameters at surface over Kano (3 days before and 
3 days after extreme rainfall events from June to September 2010-2014) for (a) mean HMFD and 
(b) CAPE 


(b) of Figs. 19, 20, 21, and 22 also showed a similar pattern for the mean CAPE 
analysis. 

Table 1 shows the mean CAPE on day 0, which ranges from 2416 Jkg ! to 
2954 Jkg ! with the highest over Sokoto. 


Conclusion 


This chapter identified and examined a set of severe widespread rainfall that pro- 
duced flood events over different parts of Nigeria. The result showed that moisture, 
convective instability, vertical wind shear, and lifting mechanisms all contributed to 
these events, but most importantly, the moisture influx. The quantity of rainfall over 
a given area can be related to the magnitude of the lower tropospheric moisture flux. 
The study also showed that the transfer of moisture flux in the low layer is mainly 
from the South Atlantic Ocean, and the higher the moisture flux diverged from the 


56 Impact of Moisture Flux and Vertical Wind Shear on Forecasting Extreme. . . 1153 


(a) 


8.00E-08 
6.00E-08 


4.00E-08 
2.00E-08 
0.00E+00 


CAPE (Jkg") 


-3 -2 -1 0 1 2 3 


Fig. 20 (a and b) Derived meteorological parameters at surface Sokoto (3 days before and 3 days 
after the storm for extreme events from June to September 2010-2014) for (a) mean moisture flux 
divergence and (b) CAPE. Negative values in moisture flux analysis indicate convergence while 
positive values indicate divergence 


Atlantic Ocean, the higher the amount of rainfall. The result also indicated that low- 
level convergence that corresponds with upper-level divergence encourages vertical 
transport of moisture while low-level divergence and upper-level convergence 
results in subsidence. At the surface, the value of moisture flux divergence ranges 
between 0.05 and 1.15 x 10 $gkg ' s^! at the vicinity of areas where considerable 
amount of precipitation of above 50 mm were observed. They are mostly located 
westward of moisture divergence zone. This gives a good indication of where flood 
is most likely. Moisture flux divergence value ranged from 1.0 to 2.0 x 10 ^gkg ! s^! 
at 850 hpa around the areas with substantial amount of rainfall in its vicinity, the high 
grounds of the southwest, Jos, Mambila, Adamawa plateaus, and Cameroonian 
mountain are good source of moisture divergence at 850 hPa, and hence theses 
area can be referred to as fertile ground for convection (Hodges and Thorncroft 
1997; Akinsanola and Ogunjobi 2014). The wind shear below the AEJ (Us) over 
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Fig. 21 (a and b) Derived meteorological parameters at surface over Maiduguri (3 days before and 
3 days after extreme rainfall events from June to September 2010-2014) for (a) mean moisture flux 
divergence and (b) CAPE. Negative values in moisture flux analysis indicate convergence while 
positive values indicate divergence 


the region of intense precipitation ranges between —8 and —12 ms !. At mid- 
troposphere (Usm), wind shear value ranged from 2 s! to —8 s !, while at 
upper level (Usquy) the values ranged between 0 and 12 s_'. Most of the result of 
Usa were in agreement with Omotosho (1987) on the value of wind shear necessary 
for the initiation and sustenance of MCSs. 

The CAPE analysis indicated that potential energy equal or greater than 
1500 Jkg ! favored convection over the northern parts, while CAPE value equal 
or greater 1000 Jkg ! was able to trigger convective activities over the southern 
parts. The result also showed that extreme rainfall also depends on convective 
available potential energy CAPE, and the higher the CAPE, the more intense was 
the rainfall, provided moisture was sufficient. Similarly, rainfall observed at a 
particular area varies according to the amount of moisture flux advected by the 
monsoon winds into the area. The mean moisture flux and CAPE analysis for 
extreme storm events over selected cities in northern Nigeria indicated that there is 
always an increase in the value of moisture flux and CAPE 3 days prior to storm 
occurrences. This can be a good indicator for forecasting extreme rainfall events. 
Table 1 shows the peak values of mean CAPE and moisture flux over the selected 
northern Nigerian stations. The result also shows that sufficient CAPE and wind 
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Fig. 22 (a and b) Derived meteorological parameters at surface over Yelwa (3 days before and 
3 days after extreme rainfall events from June to September 2010-2014) for (a) mean moisture 


HMED and (b) CAPE 


Table 1 Peak values of mean derived meteorological parameters at the surface HMFD and CAPE 
over Kano, Maiduguri, Sokoto, and Yelwa for JJAS (2010-2014) 


STATIONS HMFD (gKg ! s^!) CAPE (Jkg !) 
KANO —9.60E-07 2492 
MAIDUGURI —2.90E-07 2644 
SOKOTO —2.40E-08 2954 
YELWA —5.60E-08 2416 


shear is not enough for convection, it is necessary to have sufficient amount of 
moisture for initiation and sustenance of the storm throughout its life. These 
Observed pattern of wind flow at the surface and 850 hPa, the CAPE and HMFD 
when sighted on the forecast charts may be good indicators for forecasting extreme 
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rainfall and the likelihood of flood events which will help in early preparedness and 
prevention of the worst impacts of such extreme events on lives and properties. 

A further study of moisture flux and wind shear is recommended using different 
operational models and more network of stations as this will give a better perception 
of impact of moisture flux on spatial rainfall variability across the country. Fore- 
casting precipitation amount is a challenging task for forecasters, therefore adequate 
study of the criteria such as moisture flux, wind shear, and CAPE will increase the 
understanding of extreme rainfall events; though there will always be variability in 
the values of meteorological parameters, sound understanding of forecast models, 
learning how to analyze the situation using the appropriate tools, and knowing how 
to apply these tools will give the best chance of predicting extreme events and 
issuing timely warnings. 
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Abstract 


Pollution from post-consumer plastics is a growing global environmental challenge 
whose negative impacts are exacerbating climate change. Plastics are stable, 
durable, and hydrophobic. They possess high molecular weight, complex three- 
dimensional structure, and are not readily available to be used as substrate by 
biological agents such as microorganisms and enzymes. Polyethylene terephthalate 
(PET) is one of the examples of petrochemical-based plastics. PET is a strong, 
clear, and light-weight plastic with global usage in the production of bottles. 
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Technological innovation, policy formulation, advocacy and sensitization, change 
in consumption pattern, and bioremediation are some of the approaches that are 
currently being used to mitigate environmental pollution from post-consumer PET 
bottles. The ubiquitous property of microorganisms and their ability to survive in 
almost every environment, including very extreme ones, make them good candi- 
date for biodegradation. Bioremediation is simply defined as engineered or 
enhanced biodegradation. This review discusses the potential of bioremediation 
as sustainable and environment-friendly tool to clean up post-consumer PET bottles 
that already accumulate on land, in soil, and in water bodies. 


Keywords 


Bioremediation - Plastic - Pollution * Climate change : Biodegradation 


Introduction 


Plastic is a group of substances with wide global usages and applications as a 
consumer product. Plastic possesses characteristic cheap price, light weight, and 
disposable nature which make them the substance of choice in the manufacturing 
industry. However, plastic pollution is a growing global environmental challenge to 
aquatic, celestial, and terrestrial organisms including man. The current increasing 
global human population and technological developments are among the major 
factors contributing to increasing significant snowballing quantity of plastic waste 
that is generated annually. This increase exacerbates environmental pollution due to 
unsustainable methods of disposal of post-consumer (or used) plastics. Accumula- 
tion of post-consumer plastics on the surface of the earth including those that are 
buried in the earth is a serious threat to environmental safety and human health. In 
general, plastics possess characteristic stable, durable, and hydrophobic nature. They 
possess high molecular weight, complex three-dimensional structure, and are not 
readily available to be used as a substrate by many biological agents such as 
microorganisms and enzymes (Arutchelvi et al. 2008; Kale et al. 2015). As a result 
of the above, plastics accumulate over a very long period of time. (Kenny et al. 2008) 
reported that an efficient decomposition of plastic takes about 1,000 years. 


Polyethylene Terephthalate (PET): A Typical Plastic 


Polyethylene terephthalate (PET) is one of the examples of petrochemical-based 
plastics. PET is a thermoplastic polyester (Hosseini et al. 2005). It is a strong, clear, 
and light weight plastic with global usage in the production of bottles. The PET 
bottles are used for packaging drinks, other food products, and pharmaceuticals. In 
the field of engineering, PET is being used as alternative or replacement for metals 
like aluminum, steel, and other metals in the manufacture of precision moldings for 
office appliances, domestic appliances, and electrical and electronic devices 
(Hosseini et al. 2005; Tanasupawat et al. 2016; Yoshida et al. 2016). Polyethylene 
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Fig. 1 Typical example of a bottle made from polyethylene terephthalate (PET). (Source: https:// 
www.shutterstock.com/image-photo/top-view-empty-plastic-bottle-isolated-572688928) 


terephthalate is a polyester (polymer) produced by polymerization reaction. The 
reaction involves two monomers, namely terephthalic acid (TPA) and ethylene 
glycol (EG) according to (Kale et al. 2015). A typical example of bottle made of 
PET is presented in Fig. 1 below. 

The presence of aromatic groups in the PET molecule makes PET nondegradable 
under normal condition according to the report of (Hosseini et al. 2005). The 
biological degradation of PET was thought to be limited to only a few fungal species 
and as a result biodegradation was earlier considered as not yet a remediation 
strategy for PET (Tanasupawat et al. 2016). 


Plastic Waste and Environmental Pollution 


The traditional methods (such as burning in the open field) used to dispose of post- 
consumer plastics, especially in developing countries, is a global environmental 
concern. Smoke, containing dioxins, furans, mercury, and polychlorinated biphenyls 
which are injurious to health and the environment, is released into the atmosphere 
during open burning of plastics, thereby leading to air pollution which consequently 
contributes to climate change (Webb et al. 2013). In addition, most post-consumer 
PET bottles end up in landfills where they persist and occupy huge land space, 
thereby impairing soil fertility with subsequent negative impact on agricultural 
practice (Chan 2016; Kale et al. 2015). Some post-consumer PET bottles are burnt 
in open fire during which they release carbon dioxide (CO;) and dioxins into the 
atmosphere, also exacerbating environmental pollution and climate change (Kenny 
et al. 2008; Tanasupawat et al. 2016). Increasing efforts are being made globally to 
address environmental pollution from PET wastes. Other toxic and hazardous 
pollutants from plastic wastes are highlighted in the report of (Webb et al. 2013). 

Measures and approaches that are currently being used to mitigate plastic pollu- 
tion include the following: 
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* Technological innovations (e.g., bioplastics) 

* Policies (e.g., ban of single-use plastics and green shopping) 

e Change in consumption pattern and different “Rs” including reduction, reuse, and 
recycling of post-consumer plastics 

e Advocacy/sensitization (e.g., The 2018 World Environment Day with the theme 
“Plastic Pollution"). 

* Bioremediation (Gnanavel et al. 2012; Hadad et al. 2005; Hosseini et al. 2005; 
Ron and Eugene 2014; Sardrood et al. 2013; Yoshida et al. 2016) 


Itis practically impossible to totally eradicate the use of plastics for domestic and 
industrial uses, neither is it possible not to generate post-consumer plastics due to 
vast properties of plastics that make them suitable for various domestic and industrial 
uses. This therefore means that wastes from post-consumer plastics will be generated 
continually as long as man exists on earth. This waste is projected to increase with 
the increasing global human population. 

Several approaches have been identified to mitigate environmental pollution from 
post-consumer plastics. However, two of the approaches are majorly relevant to this 
discourse. The first is a total removal of PET bottles which constitute environmental 
nuisance. This can be achieved through sustainable clearing of PET bottles that have 
been used and dumped, mostly in indiscriminate manner, from the surface of the 
earth or from water bodies. The second approach is replacing plastics of non- 
biological origin with plastics that are made from biological agents. The latter are 
commonly referred to as bioplastics. Bioplastics are produced or synthesized from 
biomass or renewable resources according to the report of (Sardrood et al. 2013). 
They have been identified to be more readily available for bioremediation than 
nonbioplastics, thereby preventing accumulation on the environment for a very 
long period of time. Technology is involved in the production of bioplastics to 
harness the biomass and other raw materials that are employed in the production. 
This special type of technological process that involves biological agent is called 
biotechnology (Sardrood et al. 2013). Detailed discussion of types of biotechnology 
and the processes involved in each of the types are beyond the scope of this chapter. 

Technological advancements and scientific researches toward development and 
improvement on bioplastics are growing globally. This biotechnology will help to 
produce plastics that will be readily available for easy degradation by microorgan- 
isms, thereby proving solution to environmental and climatic problems that are 
associated with accumulation of post-consumer plastics. As this biotechnology 
develops to gain worldwide popularity and acceptance to displace nonbioplastics 
in circulation, it is important to provide suitable sustainable approach to get rid of 
post-consumer plastics, particularly PET bottles that are already exacerbating envi- 
ronmental pollution and climate change. A biological approach will be appropriate 
for this remediation as it is usually environment friendly (Gnanavel et al. 2012; 
Hosseini et al. 2005). The interesting ability of microorganisms to survive in almost 
every environment including very extreme ones together with their ubiquitous 
property makes them a good candidate for bioremediation. Bioremediation is a 
form of biotechnology which involves engineering. This essence of engineering 
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the process is to enhance the capacity of the microorganisms being used and to make 
the process faster (Borasiya and Shah 2007; Hadad et al. 2005). 


Climate Change 


Climate change (natural and human induced) is real. Industrialization and human 
desire for development and better living, which are carried out sometime in an 
unsustainable way, affect the environment and natural resources negatively, thereby 
exacerbating climate change. The realization of this challenge by the General 
Assembly of the United Nations gave birth to establishment of Brundtland Com- 
mission. The Commission in their report tagged Our Common Future and submitted 
to the UN General Assembly in 1987, and identified that both environment and 
development are inseparable, nevertheless sustainable development must be encour- 
aged in every human development as a means of saving the earth. This development, 
described popularly as sustainable development, embraces and encourages develop- 
ment that equally promotes economy, social, and environmental developments 
without prejudice to any of the three members (Burton 1987). Any development 
whose economic, environmental, and social benefits are not equally addressed is 
unsustainable and this was part of the recommendation of the commission. 
Unsustainable consumption of PET bottles is a potential economic, social, and 
environmental problem that can increase climate change. 


Bioremediation 


According to (Baggot 1993; Boopathy 2000) in (Sardrood et al. 2013), bioremediation 
is a process of using living organisms or biological processes to clean up contaminated 
environments by exploiting and harnessing metabolic abilities of microorganisms to 
convert contaminants into harmless products by mineralization, generation of carbon 
(IV) oxide and water, or by conversion into microbial biomass. Bioremediation as 
evolving environmental biotechnology uses microorganisms in the degradation pro- 
cess and can be optimized to achieve better result (Borasiya and Shah 2007). Some of 
the numerous applications of bioremediation include cleanup of ground water, 
sludges, lagoons, and process-waste stream (Boopathy 2000). Practically, bioremedi- 
ation has been used on a large-scale application in cleanup of oil spill from Exxon in 
Prince William Sound, Alaska (Kenny et al. 2008). Some of the advantages of 
bioremediation have been reported (Boopathy 2000; Sardrood et al. 2013). 

Microorganisms have the ability to break the molecular chains in polymers like 
the PET through degradation. Degradation is one of the many processes involved in 
bioremediation (Sardrood et al. 2013), this means that a biodegradation activity may 
not result into total bioremediation. The break in molecular chains during biodegra- 
dation leads to decrease in the total length of macromolecules that make the polymer 
and the degree of polymerization (Fig. 3) as contained in the report of (Hosseini et al. 
2005). 
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In Situ and Ex Situ Bioremediation 


One of the advantages of bioremediation in management and treatment of wastes 
is that the process can be carried out at site of contamination or somewhere away 
from site of contamination. Based on the above, bioremediation can be classified 
as in situ bioremediation and ex situ bioremediation. The former involves treat- 
ment of the contaminated material within the site where contamination or pollu- 
tion has occurred, while ex situ technique of bioremediation involves physical 
removal of the contaminant or pollutant from the site of pollution for treatment 
(Boopathy 2000). In situ bioremediation is usually used in cleanup of oil spills. 
However, in treating pollutants such as post-consumer PET bottles, ex situ 
bioremediation may be used. 


Organisms Involved in Bioremediation 


Bioremediation involves the use of microorganisms in the remediation process. 
Pollution from post-consumer plastics can be noticed in the air, on land, and in 
water bodies such as sea and oceans. The natural ability of microorganisms to 
degrade hydrocarbons, though at a relatively slow rate, makes them suitable candi- 
dates for bioremediation. What scientists do is to simply optimize and harness the 
natural potential of such microorganisms through biotechnology. (Ron and Eugene 
2014; Sardrood et al. 2013) highlight how certain species of microorganisms were 
used to clean oil spills. Several species of fungi, bacteria, and plants are major 
organisms that have been identified and reported to be involved in bioremediation. 
There are specific conditions that enhance bioremediation. The conditions must be 
provided in order for bioremediation process to proceed as planned and expected. 
According to (Kenny et al. 2008; Ron and Eugene 2014), these favorable conditions 
include the following: 


1. The organism shall be able to live and demonstrate its bioactivity under condi- 
tions of pollution 

2. A consortium of microorganism that can successfully utilize the pollutant as a 
substrate must be present 

3. Contaminant and the enzymatic system must come in close contact somewhere in 
or out of the cell 

4. The organisms will have the effective enzymes that are important in 
bioremediation 

5. Appropriate favorable environmental conditions must exist or be provided to 
enhance multiplication of the potential organism to be used for bioremediation 


(Boopathy 2000) summarized the key conditions that affect bioremediation as 
microbial and environmental substrate, aerobic and anaerobic process, growth 
substrate and co-metabolism physico-chemical bioavailability of pollutants, and 
mass transfer limitations. 
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Bioremediation of Polyethylene Terephthalate (PET) 


The discovery of the bacterium /deonellasakaiensis 206-F6' signified another sci- 
entific development in bioremediation of PET. The discovery presented /. sakaiensis 
as one of the many microorganisms whose potentials can be harnessed to remediate 
environmental pollution from post-consumer PET bottles that are disposed indis- 
criminately. The fungus Pseudozymajejuensis isolated from leaves of Citrus unshiu 
in South Korea earlier before the isolation of Z. sakaiensis, has also been demon- 
strated to possess remarkable plastic-degrading potential as reported by 
(Tanasupawat et al. 2016). The fungus possesses the enzyme cutinase which has 
the ability to degrade some plastics according to (Tanasupawat et al. 2016). Despite 
the plastic-degrading potential of P. jejuensis, the organisms were not reported to 
degrade PET. This development clearly indicates the need to isolate specific micro- 
organisms that are suitable to degrade each of the large groups of plastics that 
constitute environmental pollution. This necessitated the need for more scientific 
researches to isolate microorganisms that posses the ability to utilize PET as their 
source of carbon. The bacterium, 7. sakaiensis, is important in bioremediation of 
post-consumer PET bottles that constitute environmental pollution (Yoshida et al. 
2016). According to the report of (Tokiwa et al. 2009; Yoshida et al. 2016), the 
bacterium showed high PET-degrading potential when compared with previously 
isolated microorganisms. The authors highlighted factors that favor the bioremedi- 
ation process in order to achieve optimum result (Fig. 2). 

Reports of (Webb et al. 2013; Yoshida et al. 2016) explained that Z. sakaiensis 
206-F6' possesses critical enzymes that are needed in the degradation of PET. The 
enzymes include PETase and MHETase. J. sakaiensis 206-F6' uses the two 


Fig. 2 Images of plastic pollution on both terrestrial and aquatic environment. (a) Dump site 
showing plastic pollution. (Source: https://www.alamy.com/garbage-dump-plastik-bottles-pet- 
bottles-image281712766.html). (b) Plastic pollution of marine environment. (Source: Saving 
Earth Encyclopaedia Britannica) 
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Fig. 3 Schematic degradation of PET bottle by Lsakaiensisstrain 206-F6'. (Source: (Chan 2016)) 


enzymes to metabolize PET as its major carbon source (Fig. 3). PETase is a type of 
esterase and it initiates breaking of the long ester bonds in PET through hydrolytic 
activity. Esterase is an enzyme that has the ability to break ester bond in a 
compound. The hydrolytic activity PETase produces an intermediate called 
mono(2-hydroxyethyl) terephthalic acid (MHET) as presented in Fig. 3 below. 
The intermediate that results from the hydrolytic breakdown is taken back by the 
cell of Z. sakaiensis 206-F6' and is further hydrolyzed by the second enzyme 
MHETase. The responsibility of MHETase in the degradation process is to break 
the intermediate into the monomers of PET (Caruso 2015; Tokiwa et al. 2009; 
Yoshida et al. 2016). The two monomers are named Terephthalic acid (TPA) and 
ethylene glycol (EG). The report of (Chan 2016) showed that /. sakaiensis 206- 
F6! damaged PET film extensively and almost completely degraded the film after 
6 weeks at temperature of 30 °C. 

In natural environments, PET bottles, like other plastics, are exposed to UV 
radiation. The radiation causes cleavage of the C—C bond of the polymer, 
thereby leading to the formation of low molecular weight fragments. This process 
increases the susceptibility of the polymer to microbial attack (Arutchelvi et al. 
2008). This may be one of the reasons why (Yoshida et al. 2016) used low- 
crystalline (1.9%) PET film in their study as free-flying plastic bottles in nature 
may be of a higher crystalline percentage than the ones used by the authors in their 
research. 
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Conclusion 


The above discourse shows that there are several options to reducing environmental 
pollution from post-consumer plastics in general and PET bottles in specific. How- 
ever, bioremediation still stands tall as an important evolving option for sustainable 
remediation of post-consumer plastics. Other approaches such as discouraging 
unsustainable consumption of plastics and formulation and implementation of 
research-informed policies also need to be encouraged as a mean to reducing 
environmental pollution from plastics. 

Microorganisms have the natural potential to use petroleum products including 
plastics as their sources of carbon and energy, thereby helping to reduce the menace 
of plastic pollution within the environment and subsequently mitigating climate 
change. The natural potential of microorganisms can be engineered and optimized 
through biotechnology as the sustainable way to “clean up" plastic pollution that 
threatens life on land, water, and air. 

It is recommended that in order to further contribute to knowledge on harnessing 
the potential of microorganisms isolated from PET bottle recycling sites to degrade 
PET bottles, there is the need to test such microbial isolates with PET film of high 
crystalline value and be sure that the microorganisms can sufficiently hydrolyze the 
film. This is to ensure wider global acceptability of the technology because the PET 
bottles that are used to package food, drinks, and pharmaceutical products are made 
from high crystalline PET. 
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Abstract 


A top-bottom approach where local problems are treated in isolation has proven 
ineffective in achieving sustainable development. The need for inclusive 
approaches to managing the demand for arable lands, forest resources, and the 
problems of resource exploitation and climate change calls for local understand- 
ing of these elements’ interrelationship. Understanding the interrelationships 
among climate change, agriculture, and the ecosystems in different agroecolog- 
ical zones in Nigeria was the purpose of this chapter. Deforestation and forest 
degradation analysis approach was utilized. One state and two forest communities 
from each of the rainforest, savannah, and mangrove agroecological zones were 
purposively focused in this chapter based on forest distribution and cover. Focus 
group discussions involving 252 male and female farmers using 30 years as 
reference were used to garner relevant information. Climate variation caused a 
slight modification in cropping schedules of farmers due to prolonged dry season, 
mainly in the savannah region. Farmers engaged in mixed farming and also 
cultivate more hardy crops like cassava in response to climate uncertainties. 
Especially in the mangrove and savannah, ecosystem components such as agri- 
culture and population showed increasing trends over the years as forest cover 
reduces. Downward trend in charcoal production was limited to mangrove and 
rainforest zones as fishing and hunting becomes vulnerable livelihoods across the 
zones. The degree and progression of climate change effects on the ecosystem in 
Nigeria agroecological zones is largely comparable and have both desirable and 
adverse livelihood outcomes. Affordable insurance policy, credit, agri-inputs, 
favorable forest regulatory framework, and youth empowerment supports 
would enhance sustainable adjustment to climate change. 


Keywords 


Forest communities - Cropping calendar - Agroecology - Climate change - 
Vulnerability - Rural livelihoods : Nigeria 


Introduction 


Nigeria is seriously threatened by climate change with a significant proportion of its 
terrestrial ecosystem on dry land mass which is frequently affected by desertifica- 
tion, sheet erosion, and droughts. The coastal and mangrove agroecological zones in 
the south are also prone to incessant flooding because of their proximity to the 
Atlantic Ocean, riverine nature of the setting, the very low altitude, and all-year- 


58 Climate Change, Rural Livelihoods, and Ecosystem Nexus: Forest Communities... 1171 


round and high volume of rainfall. In recent times, variations in climatic conditions 
have resulted in undesirable effects on food production and nutritional security. 
Unfortunately, the country has very weak adaptive strategies and capacity to mitigate 
the effects of a changing climate. Presently, the impacts of rising temperatures and 
rainfall variability on farming are being felt across major agroecological zones in 
Nigeria (Ayanlade et al. 2018). 

Agricultural systems are dependent on ecosystem services such as nutrient 
cycling, pollination, soil fertility, hydrological balances, and biological pest control 
which ensure a balance in the ecosystem (Power 2010). However, agricultural 
intensification in the last century has distorted the ecosystem equilibrium and led 
to loss of ecological integrity, land degradation, and loss of environmental services 
provided by the ecosystems. These conditions are further worsened due to increasing 
effects of climate instability (Pretty et al. 2011). For instance, environmental prob- 
lems such as groundwater depletion, variability in the onset and amounts of rainfall, 
increase in concentration of greenhouse gases, soil degradation, depletion of polli- 
nators’ habitat, which all have negative consequences on sustainable agriculture, are 
climate change-induced. 

Forest communities, which are highly vulnerable to these adverse effects, are 
occupied by low-income earners who depend on the ecosystem for their income, 
food, nutritional security, and livelihoods. Hence, these rural populations will be 
seriously affected by climate change, with little or no resources to adapt or mitigate 
its effects. It has been reported that the livelihoods of these communities are made 
vulnerable by land use variation such as continuous grazing and monoculture 
plantation. For example, in coastal and mangrove regions, there is a shortage of 
food resources obtained from streams coupled and agricultural instability due to 
increased flooding (Ward et al. 2016). Similarly, savannah and rainforest 
agroecosystems are recording a decline in agricultural production outputs (Ayanlade 
et al. 2018). 

Natural resource utilization forms the base of most livelihoods in developing 
countries including Nigeria. However, forest resources are gradually being depleted 
due to the pressures of degradation and deforestation, poverty, urbanization, and 
poor management (Azeez et al. 2010; Saka et al. 2013). In Nigeria and most parts of 
Africa, shifting cultivation among small-holder farmers results in large-scale habitat 
destruction (Cooper et al. 2008). For instance, over 75% of the Nigerian population 
still lives in rural areas with vast areas of forest vegetation and depend on extensive 
rain-fed farming as well as short fallows for their sustenance. However, this depen- 
dence is limited by loss of forest biodiversity, climate change, and exposure of fragile 
soils (Azeez et al. 2010). 

Frequent changes in climate parameters affect the livelihoods of rural populations 
and poses challenges to food security, survival, and economic development 
(Tompkins and Adger 2004). For instance, savannah and tropical forest zones 
have experienced a dramatic decrease in annual rainfall and an increase in the length 
of dry season and rainfall variability (Malhi and Wright 2004; Veenendaal and 
Swaine 1998). It is therefore pertinent to investigate the forest-dependent commu- 
nities’ responses to the hazards posed by climate uncertainties on their environment 
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and livelihoods (Lindner and Pretzsch 2013), as this will have important implica- 
tions for sustainable development in the near future. 

The capability of farming communities and agricultural stakeholders to manage 
the challenges and prospects of present climatic patterns must primarily be improved 
in order to enhance their adaptive capacity and reduce their exposure to the undesired 
effects of changing climatic conditions (Cooper et al. 2008; Tompkins and Adger 
2004). The challenges are complex and call for integrative learning-oriented 
approaches that emerge from the bottom-up that will enable successful mitigation 
and adaptation. These approaches offer pathways for vulnerable communities to 
engage in developing response policies and ensure that there is room for change in 
those policies (Lindner and Pretzsch 2013). 

Adaptive management is a cyclic, multiple stakeholder learning-oriented approach 
to the management of complex environmental problems such as climate change. The 
introduction of such approaches would encourage multi-stakeholder participation and 
the integration of all sectors in decision-making, policy formulation, and implementa- 
tion (Stringer et al. 2006). Unfortunately, most policy implementers adopt a top-bottom 
approach where local problems are treated in isolation, and this method has proven to 
be ineffective in yielding or sustaining solutions. Therefore, the need for all- 
encompassing approaches to manage the demand for arable lands, forest resources, 
and the problems arising from resource exploitation and climate change (Lindner and 
Pretzsch 2013; Tompkins and Adger 2004). A step towards achieving this is to 
understand that the poor and vulnerable themselves are key actors in identifying 
important areas of their own livelihoods and solutions to their challenges. 

For instance, rural communities have in times past developed indigenous tech- 
nologies which have assisted in mitigating the risks associated with climate vari- 
ability. These technologies are represented in local customs, traditions, and 
heritages, constituting a testimony of how societies have thrived well in various 
environments (Azeez et al. 2010; Vidaurre de la Riva et al. 2013). Therefore, 
research needs to integrate climate change impacts with sustainable agriculture in 
a stressed ecosystem. Such information will bridge the knowledge gap and assist 
planning for adapting and mitigating climate change. Therefore, this chapter 
explains how agriculture, climate change, and the ecosystems interrelate among 
themselves in the main agroecological zones of Nigeria. Specifically, this chapter 
discussed the effects of the changing climate on farming calendar and local adapta- 
tion measures employed, the trend in primary drivers of social vulnerability to 
climate variability, the drivers of vulnerability to climate variation as perceived by 
farmers, health and environmental effects of climate instability on forest communi- 
ties in Nigeria, and forest inhabitants needs in services and or facilities for an 
effective adjustment to climate change. 


Forest Livelihoods and the Challenge of Changing Climate 


Forests are mainly situated in rural areas and/or frequently isolated areas (Aruwajoye 
and Ajibefun 2013). Apparently, such areas are in close harmony with nature with 
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little development in terms of infrastructure (roads, potable water supply, markets, 
health facilities, and schools), government services, and jobs. Thus, it is not surpris- 
ing that communities living in the fringe of these forests have limited livelihood 
opportunities and options (Wunder 2005). As a corollary to this, Bassey and Obong 
(2008) and Nayak et al. (2012) assert that communities around forest fringe are low- 
income earners who sought to build their economic capacity by engaging in the 
livelihood options provided by the forest. 

In Nigeria, more than 90% of the rural populace depend on forests for their 
livelihood (Ayuk et al. 2011; Fadairo et al. 2017). These livelihood activities offered 
by forests include hunting of animals, forest-based farming, timber logging, gather- 
ing of building materials, collection of fuel wood for cooking or charcoal production, 
materials for local craft, fodder (grasses and leaves for livestock and grazing of 
livestock), medicinal plants, and non-timber forest products which include honey, 
leaves, and fruits. Suffice it to say that these forest products derived from the various 
livelihood activities are not solely for household consumption but also for commer- 
cial purposes. 

Studies have documented the benefits accruing from forest resources in the 
livelihood activities of those inhabiting the fringes of forests as substantial 
(Levang et al. 2005; Sunderlin et al. 2005). These benefits according to Warner 
(2000) are increased income, improved food security, reduced vulnerability by 
providing safety nets, and increased well-being. Furthermore, some of these 
livelihood activities have social, religious, and cultural dimensions. For instance, 
hunting may serve as a cultural event for initiation into manhood while fishing 
maybe a social or cultural event. In addition to this, Shackleton (2004) opine that 
forests provide sites for spiritual healing and religious practices. Hence, it is not 
uncommon to find sacred places, herbalists, and native doctors in forest 
communities. 

Agriculture as an important livelihood activity in most forest communities is 
affected by climate change in several ways, namely, changes in rainfall, standard 
temperatures, and climate extremes (heat weaves). Climate change influences 
planting and cropping conditions which in turn affects the supply of food. It 
necessitates changes in farming methods, increases soil pressure, reduces water 
supply to the root system, and increases farmers reliance on agrochemicals for 
farming. In addition, crops stressed as a result of climate changes become more 
susceptible to damage from diseases and pests. Animal husbandry industry is also 
indirectly affected following climate-induced changes in the availability of grains, 
pasture, and forages and its accustomed price increase. Animals health are usually 
affected negatively by extreme heat (Enete 2014). Furthermore, peasant and 
small-holder farmers who produce the bulk of food consumed in most developing 
countries are usually vulnerable to climate uncertainties due to their small size of 
farms, poor technology, and little working capital (Morton 2007). In addition, the 
seasonal calendar which provides information on planting, sowing, and 
harvestings periods of locally adopted crops in specific agroecological zones 
(Fadairo et al. 2019) is distorted by climate variability, predisposing farmers to 
risks arising from weather uncertainties. 
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Agriculture, Climate Change, and Food Security 


The occurrence of climate change is interlinked with the performance of agriculture 
and attainment of food security. Agricultural production in most parts of Africa 
including Nigeria has been seriously affected by environmental degradation caused 
by climate change, making a case for serious intervention (Osuafor and Nnorom 
2014). The current global climatic condition has both natural and man-made causes. 
The reliance on rain-fed agriculture by most African countries both as a source of 
income and consumption has resulted in their high vulnerability to climate change. 
Some of the devastating effects includes: erosion, flooding, drought, pests and 
diseases, desertification, gas emissions, fluctuation in rainfall patterns, and a host 
of others. These factors in turn impact on agriculture and consequently threaten food 
security. As a result, food security is at risk with a daily world population increase. In 
order to forestall the danger ahead, the United Nations has clearly set the targets of 
attaining food surplus, food security, and improved nutrition, and advancing sus- 
tainable agriculture as number two among its 17 Sustainable Development Goals 
(SDGs) for the year 2030. 

According to Food and Agriculture Organization (2002) as cited by Coates 
(2013), food security exists when all individuals, at every time, have socioeconomic 
and physical access to adequate, nutritious, and safe food that meets their dietary 
requirements and food preferences for a healthy and productive life. Therefore, food 
security goes beyond having adequate supply of food but also include issues relating 
to the food safety and hygiene. For instance, use of chemicals such as fertilizer in 
planting or produce preservation as a response to climate fluctuation predisposes the 
population to poor health. This assertion is in line with Kinsey (2005) who opined 
that a nation is not regarded as food-secure just because food is available in the right 
quantity needed by its populace, but also when the food consumption does not 
predispose the people to any health hazard. In order to reduce the impacts of climate 
change on agriculture, various coping strategies have been put in place. Osuafor and 
Nnorom (2014) highlighted the strategies as including controlling greenhouse gases 
emission; preventing deforestation; planting climate-smart, disease-tolerant, and 
high yield crops; and adjustment of planting calendars by farmers. 


Climate Change and Drivers of Social Vulnerability in Nigeria 


In recent times, the variation in climate such as rise in temperature, increase in 
rainfall causing flood, delayed and inconsistent rainfall causing drought, strong 
wind, and landslides have threatened both the natural systems and the human society, 
specifically causing internal displacement of persons, destruction of lives, properties, 
and livelihood, food insecurity, disease outbreak, violence arising from struggle over 
resources, and increased suffering and penury. Yet, the impact caused by these 
climate extremes is not uniformly distributed among and within groups of people 
in the same country, state, and/or community (Petkova et al. 2015). Thus, it is 
unlikely for the impact of climate extremes to felt in the same way. Some groups 
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or individual are likely to be more vulnerable than others. This underscores the need 
for researches to continually explore comparative analysis of climate change impacts 
across environmental, social, economic, and political factors in order to engender 
sustainable solutions. 

In the views of Petkova et al. (2015), climate change effects will vary among age 
groups, sex, socioeconomic status, health condition, geographical location, and 
nature of livelihoods of the people. A measure of the extent of exposure of groups 
or individuals to stress as a result ofthe impacts of climate change extremes is known 
as social vulnerability. In this chapter, livelihood of the forest-edge communities in 
Nigeria is singled out among others for discussing the effects of vulnerability to 
climate change. Hence, stress in this perspective refers to the interference of the 
livelihood activities of groups or individuals in the face of climate extremes. 

Evidence abounds that the people who are likely to be more susceptible to the 
adverse effects of climate extremes are people in the rural areas. Rural Nigeria is 
mainly agrarian with many of them living below the poverty line. Research reveals 
that rural communities are inexplicably vulnerable to climate extremes because their 
livelihoods are dependent on climate-sensitive activities (agriculture, forestry, fish- 
ing, recreation) in their rural environment (Fisher et al. 2013). Therefore, the effect 
of climate extremes poses a huge threat especially to the agrarian rural people many 
of whom already live below the poverty line. 


Theoretical Framework 


The Sustainable Livelihood Framework, as presented below, was considered rele- 
vant for underpinning the assumptions and approach utilized in this chapter. 


Sustainable Livelihood Framework 


Sustainable livelihood (SL) framework presents a tool for development workers to 
understand, analyze, and explain the real factors that affecting poor people's liveli- 
hood (Petersen and Pedersen 2010). According to Carloni and Crowley (2005), a 
livelihood comprises the assets (including both social and material endowments), 
capabilities, and activities necessary to earn a living. Ability to manage and recover 
from shocks and stresses, retain or enhance its assets and capabilities, while not 
depleting the natural resource base is what makes a livelihood sustainable. SL 
framework addresses the creation of guaranteed livelihoods for the poor by devel- 
opment workers. The basic principle of SL is that development work ought to focus 
on the people, with considerations of, what matters for the poor, cultural diversity, 
and its effects on livelihood processes. Secondly, poor people themselves are major 
actors in bringing about the change they desire. This is because they have a better 
knowledge of issues affecting them much more than any external person (Petersen 
and Pedersen 2010). The foregoing reechos the central argument in this chapter that 
adequate understanding of the perspectives of the local people whose livelihoods are 
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Fig. 1 Sustainable Livelihood Framework. (Source: DFID (2000), cited in Petersen and 
Pedersen (2010)) 


intertwined with and affected by climate variability is important for a more sustain- 
able adaptation and mitigation measures for climate change. Hence, primary infor- 
mation used for discussion in this chapter were derived from engagement with those 
who are most affected in order to acquire their perspectives of their problems and 
what things to change to improve their condition. The key components of the SL 
framework are indicated in Fig. 1, and they include vulnerability context, livelihood 
assets, structure and process for transformation, livelihood strategies, and livelihood 
outcome. 

Vulnerability context: This refers to people's external environment. It includes 
occurrences for which people have restricted or no control. Examples of such 
Occurrences are critical trends of economic inflation, natural disasters, shocks, and 
seasonality, among others. The issue of vulnerability thus emerges when individuals 
are exposed to harmful threats they are not well equipped to confront (Petersen and 
Pedersen 2010). 

Livelihood assets: Since the framework by nature focuses on the people, it 
thus seeks to have a better consideration of the people's power (capitals or 
assets). Since the approach relies on the belief that achieving livelihood out- 
comes requires a combination of assets, understanding how the conversion of 
the people's power to favorable livelihood outcomes becomes paramount. For 
this reason, the framework identifies five forms of capitals which support liveli- 
hoods. These are social, human, natural, financial, and physical capitals 
(Petersen and Pedersen 2010). 

Structure and process for transformation: This refers to the establishments and 
regulations found from the household to the international levels that defines the 
livelihoods of the poor. These establishments and regulations stimulate how people 
access the various types of assets. Ownership rights and laws to secure individual 
rights are examples of processes, whereas structures are things like existence of 
ministries, banks with credit facilities for support groups and farmers (Petersen and 
Pedersen 2010). 
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Livelihood strategies: This refer to the way in which people organize towards 
achieving their anticipated livelihood and access to diverse types of resources 
determine the approaches to be employed. Furthermore, societal opportunities or 
constraints can be dictated by its structures and processes. 

Finally, livelihood outcome refers to the resultant effect of livelihood strategies 
assumed by the people. These effects could be better income, enhanced wellness, 
decreased susceptibility, and food security, among others (Petersen and 
Pedersen 2010). 


Chapter Approach 


This chapter utilized synthesis of literature and collection of primary data to reach its 
conclusions. The field activities for primary information garnering were carried out in 
Nigeria. Nigeria’s ecological environment consists of seven agroecological zones such 
as saltwater swamp, freshwater swamp, Sudan savannah, guinea savannah, Sahel 
savannah, tropical rainforest, and the montane zones. However, discussions in this 
chapter are mainly focused on its three broadly classified agroecological zones namely 
savannah, mangrove/swamp, and rainforest. Each of these agroecological zones has 
their own peculiarities and supports a wide range of plant and animal species. Never- 
theless, the tropical rainforest has been adjudged the richest. All adult residents in forest 
communities who are engaged in farming and or other forest-based livelihood activities 
were engaged in discussions. Adults who were 45 years and above at the time of the 
field work were specifically targeted due to the 30 years reference period used in this 
chapter. A two-stage sampling procedure was used. First, from each of the three major 
agroecological zones, one state was purposively sampled based on distribution and 
extent of forest cover. Second, two forest communities in each sampled state were 
selected purposively based on intensification of climate variability in the past 15 years. 
Thus, six forest communities namely Iyamitet, Ikom Agoi (Cross River State), Wawa- 
Gbere, Emi-Hakimi Mokwa (Niger State), Osoku, and Fowowa (Ogun State) were 
sampled for primary information garnering (Fig. 2). In each of the sampled locations, a 
short survey was carried out to generate a pool of potential participants for focus group 
discussions as follows: 


Would you be willing to participate in a focus group discussion regarding climate change, 
rural livelihoods and other related issues? The discussion would take about 2-3 hours on 
....... (date) and you would be incentivised for participation. The discussion will be 
audiotaped for the purposes of review by the researchers. 
Yes [ ] No [ ]. Name............... Phone no. ............ 
ABC? see seciasse dn eiee gece ais 


Given the size of potential participants generated, four focus group discussions 
comprising 10-12 members per group were held in each forest community. Thus, 
qualitative data were collected from 24 focus group discussions held with 252 male and 
female farmers in selected sites. Deforestation and Forest Degradation Analysis adapted 
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Fig. 2 Map showing the focus group discussion locations within the agroecological zones of 
Nigeria 


from Tiani et al. (2015) was used in this chapter. Using a discussion guide and 30 years 
as reference, primary information was sought on effects of climate change on farming 
calendar, trends in primary drivers of social vulnerability to climate change, causes and 
consequences of environmental degradation in forest communities, and communities 
needs in services and/or facilities for an effective adaptation. 

A visual representation showing seasonal activities among community members 
on a flip chart was used to facilitate conversation on how climate change affects 
farming calendar. Discussants indicated their cropping pattern in a calendar year, the 
associated activities, and why the activities are conducted in order to provide 
information on farmers' local climate change adaptation measures. Also, participants 
during the discussions used pebbles (stones) to proportionately represent areas 
covered by each ecosystem components (population, agriculture, forest cover, hunt- 
ing, and charcoal production) as perceived over the past 30-year period (Figs. 3, 4, 5, 
and 6). The outcome of this exercise was represented in a single table to indicate the 
trend as perceived by the discussants. Influence of climate change on local livelihood 
activities were captured by asking participants to award scores to represent magni- 
tude and impact of each climate parameter on available livelihood activities. Prob- 
lem tree analysis and paired needs ranking participatory tools were used to 
investigate health and environmental impacts of unstable climate on forest commu- 
nities and communities needs in services and or facilities for an effective adaptation 
to climate change, respectively. 

During the discussions, audiotape recording, flip chart, and handwritten notes 
were taken by researchers and were later transcribed. Primary information collected 
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Fig. 3 Male participants 
during focus group discussion 
at Mokwa, Niger State on 
March 9, 2018 


were coded and analyzed based on thematic patterns in the participants responses to 
issues raised in the focus group discussions. In doing this, particular attention was 
paid to important quotes from some of the respondents. Some of these quotes are 
used as evidences to support discussions in this chapter. 

Limitations however exist in the approach used in this chapter due to language 
barrier experienced in some of the field locations as we observed that some 
respondents could not communicate well in the English language. Therefore, 
the researchers relied on translators to interpret the questions to the respondents 
and participants’ responses back to the researchers. Some content and meaning 
may have been lost in this process. Also, due to the problems of insurgency, 
farmer-herdsmen conflict, and other security issues, most states within the 
savanna agroecological zone were deliberately excluded from the focus group 
discussions. 


Effects of Climate Variability on Cropping Calendar in Mangrove, 
Rainforest, and Savannah Agroecological Zones of Nigeria 


Farm households’ ability to grow enough food to feed themselves and their animals 
is determined to a large extent by the weather since agricultural production depends 
on climate variables, such as temperature, precipitation, and light. Therefore, 
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Fig. 4 Male participants during focus group discussions at Iyamitet, Cross River on 14 February, 
2018 


Fig. 5 Female participants at FGD at Mokwa on March 9, 2018 
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Fig. 6 Female participants at 
FGD on April 11, 2018 at 
Osoku 


shifts in temperature and precipitation are important parameters for farming com- 
munities in the timely operations of farm operations. Table 1 shows the activities 
done in relation to the major crops produced by each of the ecological zones. Yam, 
cocoa, and maize were focal crops in the mangrove, rainforest, and savannah zones, 
respectively. Within the mangrove ecological zone, the major activity between 
January and May was land preparation, with dry and wet seasons being observed 
in March 30 years ago. Currently, there is a little shift, as dry and wet seasons are 
now being observed in April. It was clear that there is a relatively longer dry season 
now compared to what it was 30 years ago as wet season was fully experienced from 
April to September, lasting a period of 6 months. In the recent times, however, the 
wet season now occur in May to August, lasting only 4 months. This trend is similar 
to what is observed in the rainforest and savannah zones with extended dry season 
compared with the referenced 30 years ago. This shows a drop in the duration of 
rainfall across the three agroecological zones. This change in climatic trend is in line 
with the position of Appiah et al. (2018) that there is a decrease in the intensity of 
rain in most forest reserves communities of most sub-Saharan African countries 
where there is still heavy reliance on agriculture as primary means of livelihood. This 
change has implications for agriculture in Nigeria which is known to be mainly rain- 
fed. 

Further, two of the participants at focus group discussions gave explicit distinc- 
tions of the season and farming activities between 30 years ago and now as thus: 
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Table 1 Seasonal and cropping calendar for major crops in mangrove, rainforest, and savanna 


ecological zones of Nigeria 


Months of the year (January-December, respectively) 


J F M A M J J A S [9] N D 


Mangrove 
Season 30 years ago 
Season currently 
Activities currently 
© Land preparation 
© Planting 
@ Weeding 
€ Staking 
€ = Harvesting/storage 
Rainforest 
Season 30 years ago 
Season currently 
Activities currently 
@ Land preparation 
Cocoa nursery 
Planting 
Weeding 
Spraying 
€ Harvesting/storage 
Savanna 
Season 30 years ago 
Season currently 
Activities currently 
@ Land preparation 
€ Planting 
@ Weeding 
€ Harvesting/storage 


D D DW W W W W W W DW D D 
D D D DW W W W W DW D D D 


D D DW W W W W W W W DWD 
D D D DW W W W W W DW DW D 


W WD D 
W/D D D 


zz 
ES 
zz 
zz 


D =Dry, W = Wet, D/W =Dry & Wet 


Thirty years ago, we experienced little rainfall in the month of March and then the rains 
become fully established in April and then fade away in September. Presently, we experience 
little rainfall in the month of February which become fully established in April and then 


fades out in October. 


Land clearing of farmland in our area has shifted from January/February to March. This 
happens because onset of rain has shifted to April, currently any rain we see in February/ 
March is tagged accidental rain. 


Another discussant also said: 


*Compared to thirty years ago, there is reduced intensity and duration of rainfall' (A 50-year- 
old man, Muslim, farmer, savannah zone). 


Access to food through both production and exchange will continue to depend not 
only on the productivity and profitability of agriculture, but also on how well the 
political climate enables people to respond creatively to their environment and 
prospects. As a means of adapting to the extended dry spell, farmers have adopted 
the cultivation more hardy crops such as cassava to reduce economic losses 
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associated with climate change. Diversification into trading and processing of 
agricultural produce also take place during the off seasons to bridge income gap 
that is now experienced. This corroborates the assertion of Appiah et al. (2018) 
which argues that farmers in forest communities are often engaged in other economic 
activities to supplement their agriculture-based incomes. One of the discussants said 
thus: 


Presently, when there is no planting activity, we engage in other businesses like buying and 
selling so as not to be idle and to earn money. 


Perceived Trend in Agriculture, Forest Area, and Population as 
Primary Drivers of Social Vulnerability 


The relationship between climate change and ecosystem is intertwined. Climate 
change can affect the distribution and behavior of some ecosystem components. 
Conversely, the intensification of some ecosystem components such as forest cover 
also have implications for carbon sequestration capacity, and hence extent of climate 
change impact on the environment. In this chapter, element of the ecosystem such as 
agriculture, forest cover, population, and alternative income-generating activities in 
the sampled sites such as fishing, hunting, and charcoal production were focused for 
understanding the interrelationship among these elements and climate change. 
Across the three agroecological zones of rainforest, mangrove, and savanna, more 
people are presently involved in agricultural activities compared with 30 years ago. 
This, according to discussants, is due to lack of employment for graduates and 
irregularities in payment of salaries/wages to government workers. Therefore, the 
need for alternative sources of income or employment (for the unemployed) has 
caused the recent surge in the farming population in the areas. A 48-year-old woman 
farmer in one of the rainforest communities explained thus: 


Very few people were involved in agriculture thirty years ago in our community, then, youth 
only engaged in land clearing, planting and weeding of their parents’ farms. However, as our 
population increases many people got involved in agriculture and young people now 
cultivate their own farmlands. 


Population as a component of the ecosystem also witnessed increasing trend in 
the last 30 years in all the agroecological zones. Population is a key factor that 
differentiate Africa from other regions of the world. African population is pro- 
jected to grow rapidly throughout the twenty-first century and this growth will 
have direct effect on the demands for agricultural commodities. Discussants 
explained that increase in population is caused mainly by two factors. First, 
migration of people into various communities within the area for livelihood, 
especially in agriculture. Rural areas are known to be rich in an important factor 
of production which is land. Second factor was increase in child-bearing and 
survival of children due to improved health awareness. However, while there was 


1184 O. Fadairo et al. 


increase in population and intensity of agriculture across the agroecological 
zones, decrease in forest spread and abundance of non-timber forest products 
such as snails and mushrooms was observed across the zones in the last 30 years. 
This is caused by deforestation and bush burning, occasioned by increase in 
population. Increasing population exerts more pressure on resources leading to 
upsurge in the rate of felling of trees for cooking and charcoal production. 
Increasing involvement of people in agriculture and declining soil nutrient also 
led to agricultural “extensification” and the consequent expansion of land for 
agricultural activities. The implication is that more forest cover is removed in 
order to increase size of land cultivated for farming. A 52-year-old man in one of 
the savannah communities remarked during the focus group discussions as 
follows: 


The forest cover has drastically reduced against how it was. In those days we usually have 
10-2 stumps of tree together, but due to deforestation by saw millers, increase in land 
acquisition for farming activities and construction of houses, almost all the trees are gone. 


Further, hunting and fishing activities have assumed a downward trend in the 
savanna, mangrove, and rainforest zones in the last 30 years. This can be 
attributed to a decline in their distribution in their natural habitat and hence, 
reduced motivation on the part of the hunters and fishermen to continue in the 
business due to low rewards. In addition, reduced trend in fishing activities in 
the locations is plausibly due to water pollution, overfishing, and reduction in 
water volume caused by prolonged drought and a decline in intensity and 
duration of rainfall. Idowu et al. (2011) confirmed a decline in Catch Per Unit 
Effort (CPUE) in coastal areas of Nigeria due to pressure of climate change. 
However, charcoal production is among the gradually becoming prominent 
livelihood activities in savannah and mangrove zones. This is perhaps as a 
replacement for fishing and hunting livelihood activities that are already becom- 
ing faded in the areas. Charcoal production serves as an alternative income 
source for farmers in rural communities while ignoring its long-term implica- 
tions for a sustainable environment. This is consistent with Mwampamba (2007) 
who had projected that by 2028, public forest resources would be depleted in 
some parts of Africa and there would be a total collapse of charcoal chain if no 
measures are put in place to stop the trend. Mwampamba’s position suggests that 
there is an arbitrary involvement in charcoal production and that the rate of 
growth in the sector is largely unsustainable. Massive charcoal production in the 
areas have implications for availability of None Timber Forest Products 
(NTFPs) in the area. During the focus group discussion, one of the discussants 
explained (Table 2): 


Duration of time used for collecting products in the forest has reduced because of scarcity of 
these products in the forest. Harvest from NTFPs was much thirty years ago (A 45-year-old 
woman, Christian, farmer, rainforest zone) 
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Table 2 Trend in ecosystem components as primary drivers of social vulnerability to climate 
change 


Index of intensification in last 30 years (96) 


Agroecological zones | Ecosystem components | 1987 1997 2007 2017 
Rainforest Agriculture 18.6 21.0 24.6 36.0 
Population 25.0 20.6 21.6 33.6 
Forest cover 44.6 24.6 19.6 11.6 
Fishing 58.0 22.0 14.0 6.0 
Charcoal production 100 0 0 0 
Mangrove Agriculture 18.5 21.0 24.5 36.0 
Population 25.0 20.0 21.5 33.5 
Forest cover 44.5 24.5 19.5 11.5 
Hunting 56.0 24.0 14.0 6.0 
Charcoal production 92.0 0 0 8.0 
Savanna Agriculture 21.0 15.5 20.5 43.0 
Population 15.0 20.0 23.0 42.0 
Forest cover 46.0 24.0 18.0 12.0 
Fishing 38.0 20.0 20.0 22.0 
Charcoal 4.0 9.0 19.0 68.0 


Perceived Effects of Drivers of Climate Change on Household 
Livelihood 


Weather patterns are becoming unpredictable due to increasing variability in climate 
parameters. Rising temperature and increased frequency of extremely dry and wet 
years are expected to slow progress in crop productivity, livestock system, and 
improved food security. This section explains the effects of drought, flood, pest 
and diseases, increase in temperature, and strong wind as observable drivers of 
vulnerability to climate change in the Nigeria agroecological zones. The effect of 
each was captured in both direction (negative or positive) and magnitude (which 
measures the extent of such effects) on subsistent crop, cash crop, charcoal produc- 
tion, and animal production. In the agroecological zones, the negative effects of 
drought were most felt on subsistence crops. Cash crops such as cocoa were not 
spared as the effect was high, especially on the field. An opinion leader among the 
farmers in lyamitet community (mangrove zone) explained thus: 


In recent times, there is incessant invasion of pests and diseases on our crops which we 
cannot effectively control. Most times, it takes a lot of time before we understand the nature 
and causes of such infestation and able to adjust to it. The result is a serious reduction in the 
quality of our crops and huge losses for us. Ugly experience from the last year harvest has 
even discouraged some few cocoa farmers from business. 


Discussions further revealed that charcoal production was the most resistant or the 
least affected by drought in the ecological regions. The reverse was the case with 
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respect to flooding, as charcoal production was reportedly highly affected in terms of 
quality of charcoal, quantity of wood (log), and duration of activities of charcoal 
production. The level of vulnerability was also high for subsistent crops, cash crops, 
and availability of NTFPs. Discussants during the focus group sessions justified their 
position that flood has a high negative effect on charcoal production explaining that 
when flood occurs, it washes away the charcoal heaps and woods, thereby terminat- 
ing the charcoal production process. The implication is that while flooding is not an 
everyday occurrence, the few times it occurs, it has considerable negative effect on 
the quantity, quality, and hence profitability of charcoal production among 
producers. 

Furthermore, livestock production was the least threatened livelihood by 
increased temperature, with little or no observable implications for livestock/milk 
production. However, almost all the livelihood activities were threatened by 
increased temperature with negative implication for future and present income 
generation among the people. The effects of pests and diseases, which were also 
directly associated with climate change as reported earlier, is also evident on 
subsistent crop, NTFPs, and cocoa production. This rating agrees with the position 
of majority during discussions as they were unanimous that pests and diseases had 
grown in both frequency of occurrence and severity of effects in the past few years 
with observable negative effects on crops and other means of income generation. On 
the other hand, the effects were less felt on charcoal and livestock production. 

The last driver considered was strong wind. This chapter reveals that strong wind 
had the least effect on respondent’s various livelihood activities, with the most 
visible effects on NTFPs and the least on livestock production. The effect was 
rated moderate on charcoal production. This rating was backed by some explana- 
tions during discussion as follows: 


Strong wind often has negative effect on quantity of charcoal produced. This is often due to 
strong wind and availability of opening on the charcoal heap. This causes air to enter the 
charcoal heaps. This occurrence often reduces production efficiency, leading to high ash to 
charcoal ratio, thereby reducing quantity and profitability of our charcoal production 
enterprise. 


Causes and Consequences of Environmental Degradation in the 
Nigeria Agroecological Zones 


The problem tree analysis in Fig. 7 illustrates the composite results of the effects of 
environmental degradation in the three ecological zones. It gives the causes and 
effects of the common problem identified as environmental degradation. The causes 
of environmental degradation identified in this section are consistent with earlier 
discussions and include drought, deforestation, strong wind, delayed rainfall, bush 
burning, use of agrochemicals, and air pollution. This corroborates the report of 
Somorin (2010) that impact of climate change could be felt by increased tempera- 
ture, deforestation, and drought. Discussants also reported that the effects of 
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Fig. 7 Problem tree analysis of causes and consequences of environmental degradation in Nigeria 


environmental degradation produced both adverse health and environmental conse- 
quences such as mental disorder, measles, meningitis, water scarcity, erosion, cough/ 
catarrh, body pain, reduced NTFPs activities, erosion, poverty, low income and poor 
harvest, soil infertility, increased incidence of pest and diseases and fever. 
Specifically, in savannah zone, respondents experienced strong wind which is 
carries particles of dust causing cough and catarrh. Idowu et al. (2011) established 
that respiratory diseases and infections like cough and catarrh are prominent in harsh 
climate due to presence of pollutants and dust. Also, increased temperature in the 
area causes meningitis and measles which is very common in children of less than 
5 years. A 37-year-old woman from savannah zone and 30-year-old lady from 
mangrove zone are quoted, respectively, as follows while commenting on the 
consequences of some of climate change parameters on their health and livelihoods: 


During hot weather, as we now frequently experience here, there is usually the prevalence of 
meningitis, measles and chicken pox especially among our children. Also, wind is accom- 
panied with dust, and this brings about occurrence of cough and catarrh is common. 
Increased temperature also affects our animals and crops as pests and diseases grow more 
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when the weather is hot which slow down crop production (A 37-year-old woman, Muslim, 
farmer, savannah zone). 


The impact of wind is low and it could be beneficial when drying crops after harvesting 
them. But when it is too strong, it could destroy the crops’ (A 30-year-old woman, Christian, 
processor, mangrove zone) 


An interesting link between deforestation and pervasiveness of mental disorder 
among the people was alluded to in Wawa community (savannah zone) where the 
participants argued that deforestation releases certain spirits which are believed 
reside in trees to inflict young ladies with insanity. One of the male discussants 
said the following: 


Due to deforestation, spirits that abode in the trees are made homeless and therefore 
come to town and enter into our young ladies making them go insane. We are able to 
establish this because during deliverance session for some of the victims, the spirits 
confessed that their natural habitats have been disrupted and that’s the reason for the 
attacks. 


Farming Communities’ Needs for an Enduring Adaptation to Climate 
Change in Nigeria 


Farming communities’ adaptation is key in translating climatic challenges and 
agricultural responses into changes in production, prices, food supply, and wel- 
fare. The potential for positive change for farming communities will increase if 
farmers are helped to adapt to climate variability. Table 3 therefore show the 
priority ranking of what communities in the agroecological areas adjudged as their 
needs to effectively adjust to climate changes impact. Across the ecological zones, 
respondents highlighted some needs that were important due to various problems 
and setbacks they encountered arising from climate change. Availability of credit 
facilities ranked first, suggesting lack of sufficient capital for various livelihood 
activities and effective climate change adaptation. Building of health center 


Table 3 Needs matrix as identified by communities in forest-edge communities in Nigeria 


Needs 
Credit facilities 
Heath center 
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Farm inputs — improved seed variety, fertilizer, herbicides 
Good road network 

Pipe borne water 

Power supply 

Irrigation 
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ranked second as most of the communities’ lacked access to well-equipped health 
centers that can provide health care services. Farmers also require farm inputs in 
the form of herbicides, improved seed varieties, and fertilizer as the third ranked 
need. Perhaps, the need to easily connect outside communities for timely market- 
ing of agricultural produce necessitated farmer’s choice of good access-linking 
road. Discussions revealed that farmers find it difficult to sell their produce to 
right buyers due to poor state of farm-to-market road. Instead, commodities were 
often sold to middle men at farm gate prices and hence, low profitability for the 
farmers. Other infrastructure such as pipe borne water, power supply, communi- 
cation network was also mentioned as some of their pressing needs across 
communities in the agroecological zones. The huge infrastructural deficit in the 
sampled locations is indicative of the state of physical development in most of the 
forest-edge communities in Nigeria. This corroborates the earlier assertion by one 
of the discussants: 


“We strongly desire credit facilities and good road network to enable us perform better in our 
farming activities and also for outsiders to come into our community and trade with us’ (A 
52-years-old man, Christian, farmer, rainforest zone) 


Conclusion and Recommendation 


This chapter concludes that the scale and direction of climate change impact on 
agriculture as the primary rural livelihood and other ecosystem components in 
Nigeria’s agroecological zones is largely comparable and have both positive and 
negative consequences on rural sustenance. While climate change impact combined 
with some other economic factors such as unemployment have encouraged urban- 
rural migration, agricultural intensification, and livelihood diversification on the one 
hand, it has increased vulnerability tendencies of rural households in forest-edge 
communities in all the agroecological zones of Nigeria on the other hand. Among 
several others, increased forest encroachment, lack of a well-coordinated policy 
framework which allows for alternative livelihood without accompanying forest 
regulatory framework were major vulnerability exacerbating factors for the rural 
poor. Although the rural populace need help for better adjustment to climate change, 
they also do have demonstrated ability to respond to changes occasioned by climate 
variability and are exploring these abilities to the best of their knowledge. Support in 
the form of affordable insurance policy, credit, agri-inputs, favorable forest regula- 
tory framework, and youth empowerment would enhance sustainable adjustment to 
climate change among the rural people. 
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Abstract 


Climate adaptation planning requires new ways of thinking and approaching the 
analysis of risks. Such thinking needs to be systemic in nature and practice/ 
action-oriented while respecting the complexity of the physical and social sci- 
ences. Through this chapter on climate tipping points in Botswana, it is proposed 
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that a generic and practice-oriented analysis framework be applied with a math- 
ematical foundation including modeling methods based on complex science. The 
objective is to promote a framework that privileges a worldview to avoid biased 
and partial explanations of risks. An Institutional-Socio-Earth-Economical- 
Technical systems (ISEET) approach is based on a systems science philosophy 
for risk governance analysis, with particular emphasis on tipping points and 
emergence which are some of the key elements that can support sound adaptation 
planning. Through the lens of the biodiversity sector in Botswana, the complex 
interrelationships of ISEET principles are explained. They provide a new, effi- 
cient, and practical framework for moving rapidly from theory to action for 
planning and implementing climate change adaption projects. 


Keywords 


Tipping points - System dynamics - Climate change - Risk assessment : 
Biodiversity * Action research 


Introduction 


Humanity has modified the earth systems in significant ways and has initiated 
unprecedented Anthropocene risks (Keys et al. 2019; Baer and Singer 2018). 
Changes include fundamental aspects of the earth system such as all layers of the 
atmosphere, hydrosphere, and cryosphere through changes in weather patterns, 
climate, land surfaces, ocean chemistry, and geological structures. Anthropocene 
risks such as global connectivity either have reached or are approaching tipping 
points of various earth systems at different temporal and spatial scales (Steffen et al. 
2018). Meanwhile, the emergence of new knowledge, technologies, and institutions 
has led to new approaches for problem-solving. An example of collective action 
is the Paris Agreement ratified by the United Nations Framework Convention on 
Climate Change (UNFCCC). However, progress in mitigating climate risk has 
not been satisfying. Responses are uneven and uncoordinated, and CO, emissions 
continue to increase globally, even with green energy and other technological 
advancements. New approaches to the analysis of risks need to be articulated 
systemically and be practice-oriented while respecting the complexity of the phys- 
ical and social sciences (Sterner et al. 2019; Lucas et al. 2018). 

The existing initiatives and frameworks are limited, such as the Sendai 
Framework for Disaster Risk Reduction, the Paris Agreement, and international 
programs such as IRGP-IDHP (Integrated Risk Governance Project-International 
Human Dimension Programme). These limitations transcend the research frame- 
works as well, such as SES (socio-ecological system), STS (science technology and 
sustainability, and IAD (institutional analysis and development). The weaknesses of 
these existing frameworks as analysis and practice tools are being more widely 
debated and are modified as society seeks a better understanding of systemic risks 
posed by climate change and large-scale socio-physical disasters (Cole et al. 2014; 
McCord et al. 2017). 
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A more generic and practice-oriented analysis framework is explored from 
a mathematical foundation, including modeling methods based on complex science. 
A structure of systems thinking applicable in the Anthropocene is proposed whereby 
analysis privileges a worldview and earth-view that attempt to avoid biased and 
partial explanations of risks. 


Tipping Points and Emergence 


There are standard features of systemic risks in different domains. These include the 
character of agents and emergence phenomena, tipping parameters indicating insta- 
bility, and more noncommittal empirical observations. Instead, these features can be 
related as Lucas et al. (2018) describe on fundamental theory for relatively well- 
understood and straightforward systems in physics and chemistry. A crucial mech- 
anism is the breakdown of macroscopic patterns of whole systems due to feedback 
reinforcing actions of agents on the microlevel, whereby the role of complexity 
science forms the basis for unifying the phenomena of systemic risks in widely 
different domains. 

Tipping points sometimes also refer to shifting points. For example, the shift from 
an unsustainable to a sustainable society requires a radical historical change in the 
form of a profound transition which could involve a series of connected transitions in 
many socio-technical systems (e.g., energy, mobility, and food) toward sustainabil- 
ity. People who work from an SES point of view, studying the profound transition 
and radical change issues, use different expressions (Schot and Kanger 2018; van der 
Vleuten 2019). 

According to Lenton et al. (2008: 1786), the term tipping point refers to a “critical 
threshold at which a tiny perturbation can qualitatively alter the state or development 
of a system." The following attributes are identified as tipping points in the 
Anthropocene: 


* Tipping points could impact the whole planetary scale, everything living on 
Earth. 

* Tipping points could impact the transition or the change of regime. 

* Interaction crosses boundaries, including administration and nature systems and 
ISEETS boundaries. 

* Both collective and individual social actions operate in multiple sociocultural, 
technological, governance, biophysical, and knowledge systems which interact 
with many other systems at the same time and many levels. 

* Tabara et al. (2018) focused on the complexity of attribution and a reductionist 
approach about systems thinking and the historical drive to an oversimplified 
explanation of solutions, drivers of tipping points that could improve the likeli- 
hood of limiting global warming to either the 1.5 °C or 2 °C target. 

* When social and natural scientists collaborate and integrate their studies, new 
patterns and previously unforeseen relationships that can accentuate understand- 
ing have been achieved. Such studies often reveal intricate causes and effects as 
such works are based on well-defined spatial, temporal, and organizational units, 
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be they culturally, physically, or politically determined. Another finding in such 
studies is their non-stationary and as Liu et al. (2009) feedback loops lag in effects 
from a range of identified causes and their relationship with resilience and 
thresholds can reveal new insights. It is also recognized that past interrelation- 
ships can have spillover effects that can continue to impact on not only a present 
state of a system but also its future. 

* Tipping points are likely to be breached in the future; however, the underlying 
conditions are challenging to predict, and the accuracy in defining the time and 
place makes policy and decision-making currently inadequate for either mitigat- 
ing or possibly avoiding transgressions. 

* Thresholds are not constant. Instead, the position of a threshold along a deter- 
mining variable can change. The consequences of crossing a threshold are 
context-dependent. The threshold is sometimes known, and the decision-making 
depends on the effects of crossing it. 

* Tipping points or regime shifts are intricately related to the concept of system 
resilience. 


Emergence and Innovation 


Emergence plays a central role in theories related to integrative levels and 
complex systems. Emergence and emergent phenomena are essential concepts 
in complexity studies (Goldstein 2018). Emergence can be described as either the 
development or the presence of the existence or formation of common behaviors, 
whereby the collective actions within a system would not lead to a similar 
outcome if applied as individual, constituent parts with no recognized interaction. 
Emergence is also used to describe the properties of a system — what the system 
does under its relationship with the environment that it would not otherwise 
complete itself and is coupled to the scope and system boundaries (Ryan 2007). 
Emergence also refers to the ability of individual components of a system to 
collaborate, thus leading to rapid and diverse behavioral changes and new fea- 
tures. For the ISEET, more linkages and communication between subsystems, or 
the building of more relationships among the ISEET subsystems, could lead to 
new features emerging. These would then reflect the application of the more 
complex system and possibly more innovative systems thinking. Emergence is 
typically not reducible to, nor readily predictable from, the properties of individ- 
ual system components. Therefore, it may appear surprising or unexpected (Hal- 
ley and Winkler 2008). Emergent phenomena exist in all subsystems, which could 
provide solutions or options to the existing challenges in all subsystems if the 
emergence is managed properly (Ceccarelli et al. 2019; Lichtenstein 2014; 
Roundy et al. 2018). 

Emergence could be applied in a conceptual framework. This framework could 
improve the understanding of scientific and technological progress (Alexander et al. 
2012), innovation, and economic growth (Du and O'Connor 2019). Such a holistic 
innovation system could improve productivity through the diverse knowledge of 
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business resources available. Emergence also could be scored to identify the topics 
and drivers of innovation (Porter et al. 2019). 

The technology innovation process is central to effective adaption to climate 
change and development challenges. However, models from business and manage- 
ment tend to dominate innovation theory, which sits outside the adaption-develop- 
ment paradigm (Hope et al. 2018). The goal is, however, to support the development 
of sectoral and technologically detailed and policy-relevant country-driven strategies 
consistent with the UNFCCC Paris Agreement. 

An ISEETS framework can be used to engage stakeholder input and buy-in; 
design implementation policy packages; reveal necessary technological, financial, 
and institutional enabling conditions; and support global stock-taking and ratcheting 
of ambition (Waisman et al. 2019). 

Macro-level agreements, such as the UNFCCC Paris Agreement, should be 
designed to encourage debate on how to tackle climate change through the 
notion of innovation, applying both technological innovation and marketing issues. 
Innovation of a technical nature is part of the equation, but it is not the only 
requirement. It has been suggested by Asayehegn et al. (2017) that an enabling 
sectoral system of innovation (SSI) be prioritized where some technological inno- 
vations contribute to adaptation actions for climate change. Technological impact 
analysis could be included based on the following approaches: historical sectoral 
application and improvement on the systems, such as agriculture technology, live- 
stock breeding and feeding technology, ICT technology, carbon sequestration tech- 
nology, and others where appropriate. 

With the emergence of adaptation technology, it can be defined as “the application 
of technology to reduce the vulnerability or enhance the resilience, of a natural 
or human system to the risks of climate change" (UNFCCC 2005: 5). Technologies 
are defined as either “hard” that includes equipment and infrastructure or “soft” such 
as institutions and management systems (Christiansen et al. 2011). However, some 
technologies, such as new crop varieties, are not so easy to categorize. Many 
technologies can be used to address current vulnerabilities to climate and other 
environmental, economic, and societal concerns and to reduce future exposure to 
climate change impacts. Some can also be used to address several types of climate 
change impact in different sectors. 

ISEET modeling seems too big to be handled by either a single model or an 
existing framework. However, when considering specific modeling for a risk gov- 
ernance issue, the data, variables, and parameters could be selected and refined 
according to their importance and their functionalities. The modeling approaches 
from different disciplines could be either simplified or reorganized to fit specific 
purposes. For the subsystem in this chapter, the modeling approaches have been 
developed for specific contexts, which can be either absorbed or integrated into the 
ISEET modeling processes. 

Modeling systemic or structural change in socio-environmental systems is not 
new. Tipping point modeling has been carried out by scientists from SES, climate 
systems, social systems, network analysis, and agent-based modeling disciplines. 
Based on the ISEET system analysis framework, Fig. 1 depicts an overview of an 
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Fig. 1 The framework of Institutional-Socio-Economic-Ecological-Technological Systems 
(ISEETS) for a climate change tipping point study. (Source: authors) 


ISEET structure for tipping points and the emergence of, and linkages between, five 
subsystems. 

Tipping points and regime shifts are being studied within various disciplines 
applying a range of modeling approaches and analysis frameworks. One of the first 
obstacles in any study of systemic change is the terminology. Environmental and 
social science disciplines have engaged in relevant 1deas of regime shift, structural 
change, non-marginal change, and transition theory, and each claims ownership 
(Polhill et al. 2016). 


ISEET Analysis Framework 
Institutional-Socio-Earth-Economical-Technical (ISEET) systems 


ISEET describes five intrinsically interlinked systems formed around the 
Anthropocene. The method has at its foundation systems science concepts and 
mathematical methodologies for risk governance analysis, with emphasis on tipping 
points and emergence, which are the key characteristics that need to be analyzed 
for risk governance. 
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ISEET represents a dynamic system. Their elements, functions, and relationships 
change with time and across spatial scales. Historical evidence and future prediction 
are essential for risk governance. Human beings do not always passively react to 
risks. With new and different technologies and the extension of knowledge, the 
risk may become more manageable. Opportunities could be created through the 
emergence mechanism in ISEET. 

ISEET systems can be characterized as the coupling of natural laws with world 
rules. The goals are to support mutual well-being of the earth (physical) and world 
(social) systems. To describe risk governance issues in the Anthropocene, ISEET 
framework subsystems are indispensable. ISEET risk governance is either realized 
or implemented by institutions. They require the full engagement of societies and 
apply certain economically viable technologies that should encompass sustainable 
ecosystem service support from the earth environment and its resources. 

From the subsystem point of view, the interrelationship could be described as: 


* Aninstitution that must have close collaboration with its relational society, using 
environmentally and ethically sound and economically viable technologies. 

* Societies that could live with the environment, given effective and efficient 
institutions, and be economically healthy, with controllable risks on the earth 
system. 

* Societies that need to work together to advance and apply technologies with 
economic endeavors, to live sustainably with the earth system. 

* The sustainable development of economic systems that could be achieved by 
a well-designed and well-operated institution, which include social capital and 
earth resources. 

* Technology that may need to be advanced and applied and that does not harm the 
environment and is ethically healthy. In this way, societies are more likely to 
promote institutions, with the input from their constituent economic systems. 


The Working Definition of a Subsystem 


* An institution in ISEET implies a body that operates within regulations, laws, 
policies, and conventions. Such institutions can represent cross-sectoral entities 
established when either developing or implementing a related risk governance 
framework. For example, emergency management laws and emergency manage- 
ment ministries are all part of a larger institutional system. 

e Social systems in ISEET refer to all the elements, functions, and relationships 
in societies, including the population and its age and gender composition, culture, 
religion, educational level, and connectivity. Complexity theory offers the toolkit 
needed for this paradigm shift in social theory (Walby 2007). 

* Earth system refers to the biophysical existence of the Earth planet, including the 
living support environment, from top air to deep earth. 

* Aneconomic system, as defined by Gregory and Stuart (2013: 30), “is a system of 
production, resource allocation and distribution of goods and services within 
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a society or a given geographic area. It includes the combination of the various 
institutions, agencies, entities, decision-making processes and patterns of con- 
sumption that comprise the economic structure of a given community.” 

* Technological systems are sets of interconnected components that transform, 
store, transport, or control materials, energy, and information for specific pur- 
poses. Machines, software, and the hardware they run on are considered part of 
a technological system. Similarly, how humanity organizes itself to apply such 
technology are broader arrangements based on the organization’s structures to 
exploit technology and techniques developed to optimize their application. 


Case Study: Botswana’s Biodiversity Sector 


Time is of the essence for engaging in the intersection between climate change and 
the biodiversity extinction crisis. The Global Deal for Nature (GDN) is one oppor- 
tunity as it is science-driven with the goal of saving the diversity and current relative 
abundance of life on the planet. The linkage of the GDN with the Paris Climate 
Agreement might help humanity avoid catastrophic climate change while conserving 
species and their increasingly recognized values, including ecosystem services. 

Compelling recent findings add additional urgency to the issue as less than half of 
the globe’s terrestrial realm is intact. The application of global climate points toward 
a tipping point. Habit conversions continuing as they were historically while green- 
house gas emissions maintaining its current trajectories may exceed humanity’s 
chances of limiting global warming to the 1.5 °C target. Over the next 10 years, 
currently expanding conversion and poaching rates need to be slowed down con- 
siderably to avoid “points of no return” for some floral and faunal species (Fig. 2). 

If global mean temperatures are permitted to rise above 1.5 °C, it is widely 
believed that fundamental aspects of ecosystems, both large and small, could 
unravel. Continued unsustainable use of the natural environment threatens our global 
health as witnessed by the rising risk of global pandemics, while mass migration 
owing to the lack of access to resources such as clean water and productive and 
uncontaminated land become more widespread. Global climate change and its 
increase in extreme events could accelerate the degradation of land and societies. 
For example, climate change-induced sea level rise and extreme still high-water 
events, which inundate coastal zones and droughts, may displace at least 100 million 
people by 2050. Most of those people currently live in the southern hemisphere 
(Dinerstein et al. 2019). 

Botswana, as part of Southern Africa, is home to an appreciable portion of global 
biodiversity, and many of its ecosystems retain relatively intact species assemblages 
across all trophic levels. The region possesses an established network of protected 
areas that contribute both to conservation targets and to nature-based tourism. 
Pressure on biodiversity can result from regional and highly localized developments 
concerning extractive resource use. Anthropogenic climate changes are more widely 
accepted as a profound driver of such impacts for Africa’s biodiversity, including 
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Fig. 2 Thresholds of temperature anomaly that could lead to significant local changes in land- 
based ecosystems. Colored areas (left legend) represent regions with severe transformation; gray 
areas (right legend) are likely to experience moderate transformation. Dark red transformation at 
1.5 °C and light red at 2.0 °C. (Courtesy of Gerten et al. 2013) 


Botswana, and it is increasingly likely to be harmful from both ecological and 
economic perspectives. 

Worldwide, the United Nations is committed to mainstreaming biodiversity 
planning in a wide range of policies and programs and with the inclusion of 
climate change. In a country such as Botswana, mainstreaming biodiversity and/ 
or wildlife management at the local, regional, and country level is critical to its 
economy and its place as a critical biodiversity REDD hotspot for several primary 
faunal species. 

Botswana, in terms of biodiversity, is a country of contrasts. The diversity ranges 
from the wetlands ofthe north, dependent on water arriving season from neighboring 
Angola, to the broad and arid Kalahari Desert in the center and southwest. Each area 
is part of a systematic protected area system with the Okavango Delta representing 
the world's largest inland delta which is also a Ramsar site. At the same time, Chobe 
National Park has many varieties and populations of game and a considerable 
density of elephants. The country has innovated the first formally declared trans- 
boundary park in Africa, the Kgalagadi Transfrontier Park. There is also the Central 
Kalahari Game Reserve and the distinctive prehistoric lake that now consists of salt 
pans called the Makgadikgadi and Nxai Pans National Park system. This area has 
important habitats for migratory birds. 

Botswana is developing a National Climate Change Policy, Strategy and Action 
Plan (NCCPSAP) with the framework for such being only recently devised. The 
policy will be implemented through the Ministry of Environment, Wildlife and 
Tourism in cooperation with the United Nations Development Programme. Among 
other objectives, the NCCPSAP aims to develop and implement appropriate adap- 
tation strategies and actions that will lower the vulnerability of Botswana and various 
sectors of the economy to the impacts of climate change. 
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Biodiversity in the context of tipping points is a complex area for investigation. 
Alternate stable states are associated with abrupt shifts in ecosystems, tipping points, 
and hysteresis, all of which challenge traditional approaches to ecosystem manage- 
ment (Oliver et al. 2015). Ecosystems often maintain their stability through internal 
feedback mechanisms. Environmental perturbations (natural and enhanced by 
climate change) can change the frequency and magnitude of regime shifts leading 
to fundamental changes in the assemblages of species providing functions. 

Systems can be more susceptible to environmental randomness/irregularity and 
perturbations/fluctuation close to these critical tipping points and can lead to sudden 
changes and foster a new equilibrium. Such evolved alternative stable states might 
be unsupportive in terms of ecosystem functions with a return to a previous state 
only possible through substantial and costly management interventions (hysteresis). 
Therefore, the recovery capacity of ecosystem function can be compromised. 
Alternative conditions have been documented in a wide variety of ecosystems 
from local to global scales. However, how stable and persistent these will be in the 
future, under rapid changes in climate, remain uncertain. 

It is exceedingly difficult to understand how complex ecosystems, for example, 
the Okavango Delta, will behave as they either approach or surpass tipping points 
(Fig. 3). Exceedingly small changes in one or more conditions can lead to a cascade 
of other changes resulting in a large shift in the state of the system. Sometimes this 
process can be played out very slowly and therefore less perceptibly by society, and 
at other times, extreme events lead to radical shifts that exceed the capability of 
systems to slowly recover, and hence it is forced to find a new stasis; this is a natural 
process with volcanic eruptions, earthquakes, and flood events often leading to 
abrupt changes. However, climate change and its speed of onset, which varies 
from location to location, and the uncertainty in future projections can lead to 
management paralysis. The slowing down of a potentially catastrophic collapse 
of individual and highly relevant parts of a system is therefore preferred to prolong 
the sustainability of the large system. 

Ecosystem management depends on monitoring and maintaining resilience 
because the loss of resilience renders ecosystems more vulnerable to undesirable 
shifts. Several works summarized by Dai et al. (2012) suggest that a set of generic 
indicators may aid in the sustainable management of fragile ecosystems. Signals 
of critical slowing down based on time series demand observations over a long 
span. Compiling such data is often tricky; therefore, if other indicators based on the 
spatial structure can be identified, they could be complementary to the early warning 
signals. 

Tipping points are often driven by either complex feedback mechanisms or 
interactions between multiple drivers. Some of these triggers or drivers are found 
to be new and thus are not well represented in models currently in use (Leadley et al. 
2010). An example is a relationship between dying back in Amazon forests and 
deforestation and climate change processes that resulted in an underestimation of 
impacts in earlier global biodiversity assessments. This situation may pertain in the 
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Fig. 3 Tipping point analysis framework for biodiversity in Botswana. (Source: authors) 


case of the Okavango Delta where the sustained integrity of the Miombo woodlands 
on neighboring country of Angola leaves the well-established ecotourism focal areas 
such as the Okavango swamps in Botswana critically dependent on the sustained 
flow of sediment- and nutrient-free water from those upland parts of the wider river 
basin (Leadley et al. 2010). 

Ecosystem service degradation can be linked with species extinctions, eroding 
species abundance, or as shown in this chapter potential shifts in biomes and 
associated species distributions. However, conservation of biodiversity and provi- 
sion of some types of ecosystem services can conflict. The following tables list the 
already identified changes (from 2008 to 2019) in red category lists for plants and 
animals in Botswana in a limited African context (Tables 1, 2, and 3). 

Midgley and Thuiller (2011) suggest significant impacts from unrestrained cli- 
mate change for the southern part of the African region. However, overestimates of 
the speed of change and extent of those impacts may be the case owing to underlying 
assumptions of bioclimatic modeling. The analysis of a diverse range of studies 
does, however, support the rationale for a high level of concern as there is a signal 
across the available research that unmitigated changes in climate threaten a 
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considerable portion of southern African biodiversity. It is the underlying shifts in 
ecosystem structures, for example, increases and decreases in woody plant cover, 
that have a secondary impact on faunal diversity that is likely to alter the dominant 
savanna vegetation type of the region. Midgley and Thuiller (2011) pointed to the 
winter rainfall areas of the broader region that could suffer the most significant 
biodiversity loss. The trends identified in Botswana are echoed in other biomes. It is 
increasingly recognized that rates of disturbance vary with time and can depend on 
long-term climate trends, the influence of anthropogenic land-use practices (e.g., 
fire), wildlife population cycles, and other factors such as presence or introduction of 
invasive species (Wilson et al. 2019). As noted by Wilson et al. (2019), assessment 
of regional patterns and trends is needed, hence our approach that placed Botswana 
in the context of Southern Africa. Specifically, some crucial areas are mostly outside 
Botswana, but they have relevant spillover effects, especially for the Okavango 
Delta. 

Specifically, when mammals in the region are differentiated by size and dietary 
requirements, some more telling climate risks emerge. Correlations are significant 
for annual temperature but only for large mammals, where 60-67% of the variability 
in species richness of large mammals is impacted versus <20% for small mammals 
(Andrews and O'Brien 2000). Small mammals are, however, strongly correlated 
with other either climatic or vegetation parameters. Plant richness, thermal season- 
ality, and frugivorous and insectivorous mammal richness are found to be correlated 
with thermal seasonality and minimum monthly PET (potential evapotranspiration). 
It is also found that arboreal and aerial species richness is associated with plant 
richness, thermal seasonality, and minimum monthly PET. 

It is clear from Andrews and O'Brien's work (2000) that different classes of 
mammals respond to climatic and environmental factors in important ways. Earlier 
studies they contend did not identify these discrepancies, as the distinction between 
various sizes and guilds of mammal was not a common factor of analysis. With 
climate change, there will be issues across the diversity of mammalian species that 
should impact on their conservation in the future. This also points to the complexity 
of communities and the understanding of the potential importance of indicator 
species, whereby either a mammal’s or other organisms’ presence, absence, or 
abundance reflect on the environmental condition of either the ecosystem or 
biome. Such species can serve as critical indicators of tipping points in either an 
ecosystem or biome and act as a proxy for the health of that environment in the 
face of a changing climate. 


Baseline Biodiversity in Botswana 


Wide-ranging large carnivores are common in Botswana. They often range beyond 
the boundaries of protected areas into human-dominated areas. The mapping out on 
a country-wide scale and identifying areas with potentially high levels of threats to 
extensive carnivore survival is required when formulating national conservation 
action plans whether considering climate change or not. For this chapter, NPP (net 
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primary production) in a historical context (and later in the context of climate 
change) has been linked with species biodiversity and richness. 

This was done as the notion of NPP was linked with the country’s large carnivore 
guild as part of a recent mapping project. In that project, Winterbach et al. (2014) 
identified and mapped areas consisting of leopard (Panthera pardus), lion (Panthera 
leo), cheetah (Acinonyx jubatus), brown hyena (Hyaena brunnea), spotted hyena 
(Crocuta crocuta), and African wild dog (Lycaon pictus) (Fig. 6). They discovered 
through this mapping project that habitat suitability for large carnivores depended 
primarily on prey availability but with secondary relationships with interspecific 
competition, plus conflict with humans. Winterbach et al. (2014) found that prey 
availability was a critical natural determinant. Wild ungulate species were preyed 
upon by the six large carnivores, and this helped to identify different management 
zones for large carnivore populations. The relationship with large ungulates and NPP 
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Fig. 4 Land-use zones in Botswana. (Courtesy of Winterbach et al. 2014) 
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in the country is strong. Therefore, small prey biomass was more evenly spread 
across large parts of the country, while high to medium biomass of large prey was 
primarily confined to conservation zones (Figs. 4 and 5). 

As Botswana is central, both geographically and in terms of species biodiversity 
of the larger Southern African sub-Congo basin, its ecological system was deemed 
prudent to map changes in net primary production and species richness regionally. 
Changes historically and in the future in these factors will mean transboundary 
issues will ensue. It is evident in Fig. 6 that mammal species richness is linked 
with regional phenomena such as NPP, annual precipitation, and mean changes 
in temperature. The future will be different; hence, some biome shifts from areas 
currently outside the borders of Botswana could encroach into Botswana over time 
and as temperatures rise. Clearly, this could lead to critical transboundary impli- 
cations for management of the subsequent changes in floral and faunal 
biodiversity. 

Future changes in the three zones of species richness in Botswana (Fig. 7) 
across three key indicator groups, mammals, birds, and amphibians, show clear 
patterns from the southwest (low richness across all three groups nationally) to 
moderate richness in the east and high richness in the north. Importantly, these 
three zones are not national boundary bound but extend to neighboring countries as 
shown in Fig. 7. 


Fig. 5 Entrance to Moremi Reserve. (Source: authors) 
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Fig. 6 Baseline NPP and the relationship between high values and mammal-specific richness, 
annual precipitation, and annual mean temperature. The Okavango River Basin that supports the 
Okavango Delta in Botswana is included as it is a key transboundary basin for Botswana species 
diversity and concomitant tourism and economic activities. (Source: authors) 


Biodiversity, Ecosystem Services, and Tourism 


Wildlife tourism in Botswana has provided strong economic incentives for conser- 
vation. With an abundance of wildlife and either the presence or absence of high- 
profile species, some zones are more suited to wildlife tourism. Winterbach et al. 
(2014) developed a set of parameters for assessing wildlife abundance and diversity. 
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Fig. 7 Historical mammal. Bird and amphibian species richness highlight three key zones, the 
southwest (low), east (moderate), and north (high), and these three regions extend to neighboring 
countries. (Source: authors) 


Fig. 8 Locations of photographic and hunting camps and land uses in northern Botswana in 2005. 
(Courtesy of Winterbach et al. 2015) 
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Their goal was to evaluate tourism potential in Botswana’s Northern Conservation 
Zone. They also quantified and compared tourism experiences in areas with high and 
low tourism potential. Wildlife biomass is used as an indicator of NPP, and actual 
tourism experiences were included in their study to validate their mapping exercise. 

Winterbach et al. (2014) found that areas used for high-paying/low-volume 
tourism had significantly higher mean wildlife biomass and diversity (Fig. 8). 
Only 22% of the Northern Conservation Zone against their framework had interme- 
diate to high tourism potential. High tourism potential areas afforded tourists 
better wildlife sighting based on aerial survey data than low wildlife sights based 
on ground surveys. They also found that the economic viability of low-paying 
tourism may not even be met in zones with intermediate to high tourism potential. 
Much of the Northern Conservation Zone was found to have low tourism potential; 
however, this does not equate with a low conservation value. 


Climate Change Impacts on the Biodiversity in Botswana 


Africa is expected to be particularly severely impacted by climate change (IPBES 
2018). Biggs et al. (2008) assessed the impacts on terrestrial biodiversity using the 
Biodiversity Intactness Index (BII). This index defines an average change in popu- 
lation size against a pre-modern state, across all terrestrial species of plants and 
vertebrates. In the next 100 years, they projected a decline in average population 
sizes of taxa that exceed by two to three times the decline that occurred since circa 
1700. A reduction in this modeled declines of biodiversity loss in southern Africa 
posed considerable challenges. Better alignment is needed for integrated biodiversity 
conservation and development priorities in the region. Furthermore, what is thought 
to be required are context-sensitive conservation targets that account for the devel- 
opment of imperatives in different parts of the region. 

The predominant climate signal from the climate models for southern African is 
for a hotter and drier future. This is having, and will likely continue to pose, serious 
consequences and challenges for policy development and management of environ- 
mental and related social change for the people of the region. Historical climate 
records, as indicated, fit reasonably well with future projections for the region, with 
the important caveat that temperature rises are trending faster than the global mean, 
especially in continental interiors such as Botswana. Rainfall, however, apparently 
has not changed significantly, as yet although the combination of higher tempera- 
tures and the potential for changes in the variability of rainfall (e.g., more intense) 
and also changes in seasonality has already shown changes in the trends in vegeta- 
tion trajectories in the major biomes of southern Africa. Contrary to early projections 
for the Succulent Karoo biome, biomass and cover increased over time. This was 
mainly deemed in response to changes in land-use practices. MacPherson et al. 
(2019) also found that the fire-adapted fynbos biome either remained stable or 
increased over time with some expansion of forest species. 

Meanwhile, and in the same study, it was found that the shrub-dominated Nama- 
Karoo biome increased in grass cover. Significantly, and in contrast with earlier 
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model predictions, the grassland biome has expanded westward into former Nama- 
Karoo biome sites. Regionally, the predominant savanna biome has experienced a 
relatively rapid increase in woody plants at rates initially unexpected by climate/ 
vegetation models (MacPherson et al. 2019). The availability of new model param- 
eters for biomes and net primary production also provide a useful context for 
evaluating future changes and for considering tipping points. 

Climate change and adaptation have also become a significant issue in contem- 
porary tourism development and policy discussions. This is particularly the case in 
Botswana and the broader geography of Southern Africa where wildlife in its natural 
environment dominate the sector. A study on perceptions of climate change 
(Saarinen et al. 2012) and adaptation strategies of tourism operators in Kgalagadi 
South District, of southwest Botswana, which also looked at their adaptation strat- 
egies, found a general awareness, but the research was conducted nearly 10 years 
ago. At that time, most operators did envisage challenges to future business growth 
and Botswana’s tourism competitiveness. The perception is that climate change did 
not at that time have any impacts and that few adaptation strategies were in place. 
Anecdotal evidence from the consultant’s time spent in the Okavango Delta (2019) 
with a tourism operator of considerable experience pointed to heightened concern 
regarding climate change. However, problems with earthquake impacts and climate 
change were signaled as underlying factors in reduced water flow into various parts 
of the Delta. 


One Example: The Okavango Delta 


The Government of Botswana has adopted a policy of economic diversification, 
which is reflected in the National Development Plan 8. There is a strong emphasis 
on the sustainable use of renewable resources such as veld products and wildlife. 
Tourism has been identified as a potential “engine for growth” (Jones 2017) and that 
tourism is based on wildlife and nature experiences. There is an increasing emphasis 
on the conservation and sustainable use of these resources with a strong geographic 
focus on the Okavango Delta. 

There are significant variations in the size of the actual wetland seasonally as well 
as from year to year, depending on rainfall intensities in the watershed and other 
factors (McCarthy 2003). About half of the wetland is permanently inundated, 
whereas the other half is only seasonally flooded (Anderson et al. 2003); the two 
areas are referred to as the permanent swamp and the seasonal swamps, respectively. 

The Okavango Delta is important ecologically as well as economically. The 
remoteness, spectacular landscape, and richness in wildlife make the Okavango 
Delta a magnet for tourists, and tourism has become the second most important 
sector of the Botswana economy. 

Climate change and development-induced land-use change are explicit threats to 
sustaining biodiversity (Newbold 2018). Modeling and data limitations have ham- 
pered a better understanding of the underlying systemic risks. Also problematic are 
the quite different scales at which land-use and climate processes operate. Newbold 
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Fig. 9 Differentiation in water distribution within the Delta. (Source: authors) 


(2018) predicted that climate change effects will become a significant pressure on 
biodiversity and could exceed the effects of land-use change by 2070. Both pressures 
were predicted to lead to an average cumulative loss of 37.996 of species from 
vertebrate communities under a “business as usual" scenario with an uncertainty 
range from 15.796 to 54.296. The biomes to face the most significant pressures were 
tropical grasslands and savannahs (Fig. 9). 


Tipping Points for Climate Change for the Biodiversity Sector 
Results and Recommendations 


Climate change is already well advanced in Botswana and has already created new 
challenges for biodiversity conservation. Evidence shows that two key elements that 
are driven by changes in climate are in a national-scale tipping point analysis: 
shifting biomes and changes in species composition that relates to net primary 
production of specific environments. Owing to the complexity of biodiversity and 
variability of species richness across the country, it was only possible to define broad 
relationships in terms of potential tipping points. 

As mentioned, the dominant relationship between net primary production and 
biome shifts with the potential to support stable biodiversity mixes is complicated. 
Natural succession of species must be disentangled from a complex web of 
confounding factors including a plethora of human factors as well as a relatively 
rapid change in climate regimes. There appears to be emerging a maturing of the 
science related to shifts on biomes with changes in climate and signals are thus 
becoming more transparent that climate has a more dominant role to play in the 
transition of landscapes and hence biodiversity. 

The mapping of mammalian, bird, and amphibian species in Botswana (Fig. 7) 
with modeled climate-induced changes in net primary production provides insights 
into possible future changes as temperatures continue to rise regionally. Of note, 
the temperature profiles of 1.5 °C, 2.0 °C, and 3.0 °C are presented in the introduc- 
tion and are expected to be reached under current business as usual scenario 
(84th percentile) (RCP 8.5) in roughly 2028, about 2036, and around 2050, 
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respectively. There will, of course, be lag times in the response regarding average net 
primary production in the regions and subsequent potential shifts in biodiversity, 
barring any management interventions and other human dimensions of change 
that could ensue over the next 30 years. 

The trend in net primary production, which is a driving factor in species 
richness, is for expansion from southwest to northeast of the lower productivity 
zone. Concurrently, across all three future temperature profiles, the higher NPP 
areas of the east and north also become progressively less productive. The same 
trends are then seen in Fig. 7 where the mammalian species richness diminishes 
nationwide, i.e., there are no parts of the country that with a temperature change 
should expect to see an expansion in species richness under natural conditions and 
changes in the net primary production. Again, these projections are made barring 
human dimensions of change and its management interventions. The same situa- 
tion pertains to bird and amphibian species richness with a general overall reduc- 
tion nationwide but with a general trend of a decline in net primary production 
from the southwest to northeast. 

The change in NPP and species richness while following these trends also 
presents the opportunity to look contemporarily at areas with current NPP and 
species richness and consider how economic development strategies may inter- 
sect when the conditions found in one area expand into others and transition 
other biomes and communities. Therefore, there are current activities in the 
zones that will develop that may present insights for the future as these zones 
shift into new geographies. Given the relative homogeneity of the Botswanan 
topography, such transitions could expect to vary relatively little from current 
forms as they expand. Importantly, there is a change in NPP at the 3.0 °C tipping 
point that is different. In all the species richness projections (Fig. 7) at this 
degree of warming, a new low-end species richness category could exist in 
Botswana that is currently not represented. This is presented in the species 
richness maps as the 42—48 category for mammalian and bird species richness 
and the 2-4 range for amphibian species richness. Areas with these ranges of 
species richness could be found to the west and southwest of Botswana cur- 
rently, but analysis would need to be done to see if these are, in fact, presently 
located in the broader region or this new low-end category is currently unknown 
in the area (Figs. 10, 11, 12, and 13). 

Related to the shifts in NPP and species richness described above, the ranges and 
ecological dynamics of the country are changing, and current reserves will possibly 
struggle to support all species they were designated to sustain. Climate is, however, 
just one of the myriads of ISEET issues that impinge on the sustainability of 
Botswana's biodiversity. Action to mitigate the deterioration in biodiversity varies 
by spatial scale and the actors required. It is generally viewed that adaptation will 
require more and better regional institutional coordination, which broadens spatial 
and temporal perspectives with climate chance scenarios being considered as inte- 
gral to the planning of actions. Local communities are critical to attaining conser- 
vation goals, as there are multiple threats to success. Regional planning, site-scale 
management, and the continued assessment and modification of conservation plans 
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Botswana Historical Annual Vegetation Net Primary Production Botswana: 1.5 Degree Global Warming Annual NPP 
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Fig. 10 Changes projected for net primary production (NPP) under the three tipping point 
scenarios of 1.5 °C, 2 °C, and 3 °C, from baseline (average of 2000-2016). (Source: authors) 


will be required as the pace of climate-induced changes mirror those of society. The 
following needs have been identified: 


(1) more specific, operational examples of adaptation principles that are consistent with 
unavoidable uncertainty about the future; 

(2) a practical adaptation planning process to guide the selection and integration of recom- 
mendations into existing policies and programs; and, 

(3) greater integration of social science into an endeavor that, although dominated by 
ecology, increasingly recommends extension beyond reserves and into human-occupied 
landscapes. (Heller and Zavaleta 2009: 14) 
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Fig. 11 Changes projected for mammalian species richness under the three tipping point scenarios 
of 1.5 °C, 2 °C, and 3 °C, from baseline. (Source: authors) 


The Paris Agreement is deemed to be beneficial to the cause of species biodiver- 
sity conservation as it represents a template for a GDN by setting global targets, an 
evolving model for financial support, and recognizes the values obtained from 
bottom-up efforts. Nearly all nations have signed the agreement. Climate scientists 
have arrived at a single numerical target for maintaining Earth’s atmosphere at safe 
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Botswana Total Bird Species Richness Baseline Botswana Total Bird Species Richness 1.5 Degree 
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Fig. 12 Changes projected for bird species richness under the three tipping point scenarios of 
1.5 °C, 2 °C, and 3 °C, from baseline (note: data source available is at a different resolution 
than mammalian and amphibian sources, hence the different map smoothness). (Source: authors) 


limits (1.5 °C); however, biodiversity scientists work with multiple targets to 
conserve the rest of life on the planet given the diversity of life and ecosystems 
and range of resilience. The challenge clearly shown in the case of biodiversity in 
Botswana is the interconnectedness of the nation with the southern African region 
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Botswana Total Amphibian Species Richness Baseline Botswana Total Amphibian Species Richness 1.5 Degree 


Botswana Total Amphibian Species Richness 2.0 Degree Botswana Total Amphibian Species Richness 3.0 Degree 


Fig. 13 Changes projected for amphibian species richness under the three tipping point scenarios 
of 1.5 ?C, 2 ?C, and 3 ?C, from baseline. (Source: authors) 


and the faster than global average rise in temperatures. The international climate 
science goal of limiting global temperatures to 1.5 °C by 2100 is not relevant for 
places such as Botswana that could reach that average rise in temperature as early as 
2028. The GDN has expressed its own target like the Paris Agreement: protect at 
least half of Earth's biodiversity by 2050 and ensure that these areas are connected 
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Table 4 Biodiversity sector tipping point analysis summary table 


Impact factors 


Earth systems 
(climate 
change): 
Threshold 
risks 


Earth systems 
(climate 
change): 
Potential 
adaptation 
options 


Social 
systems: 
Threshold 
risks 


Social 
systems: 
Potential 
adaptation 
options 


Slow processes 
Biodiversity 
decrease 
vegetation 
primary 
production, land 
degradation, 
access to water, 
heat stress, 
diseases, tourism 
and agriculture 
land pressure, 
conflict 


Recover and 
reserve natural 
habitats for 
natural earth 
systems 


Tourism sector 
dependency, 
livestock number 
increase, rural 
labor force, and 
food relationship 


Tourists and local 
people education 
and behavior 
regulation 


Variabilities 
International 
variability 
increase, death 
rate increase, 
diseases, 
poaching 


Provide 
alternative 
areas/substantial 
buffer zones for 
ecosystem 
change and 
succession 


Tourism natural 
conservation 
and human 
conflicts 


Natural and 
human 
relationship 
education and 
behavior 
regulation 


Extremes 


Extreme 
drought and 
diseases (foot 
and mouth) 
events 

Low water flows 
in Okavango 
Delta 

Wildlife 
movements/ 
encroachments 
to cropping 
areas 

System integrity 
enhancement to 
support 
biodiversity 
resilience at 
times of climatic 
stress 


Wildlife 
decrease during 
an extreme 
drought event 


Reduce human 
impacts, support 
system natural 
recovery where 
is possible 
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Potential tipping 
points 
Continuous 
drought years 
could cause the 
wildlife high 
death rate and 
migration 


Species 
migration 
pattern shifts 
Species decline 
and extinction 
Increased 
human/ 
biodiversity 
conflict 


Dramatic 
changes in 
tourist sector 
behavior 

Loss of 
economic 
tourism 
opportunity 
without changes 
in location and 
interaction with 
species 
Biodiversity and 
tourism sector in 
collaboration 
with other 
ISEET for 
systematic 
analysis and 
uplift social 
system support 


(continued) 
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Table 4 (continued) 


Impact factors 


Institutional 
system: 
Threshold 
risks 


Institutional 
system: 
Potential 
adaptation 
options 


Economic 
systems: 
Threshold 
risks 


Economic 
systems: 
Potential 
adaptation 
options 


Slow processes 


Deficiency and 
out of date in 
biodiversity 
protection 
legislation and 
policy, land-use 
and planning 
legislation and 
policy 
Balanced policy 
and regulation 
and 
implementation 
capacity for 
biodiversity 
protection and 
tourism 
development 


Tourism sector 
over development 
Irrational land- 
use and 
agriculture 
development 


Financial 
regulation for 
overdevelopment 
and land 
development 


Variabilities 
Government 
policy and 
institutional 
implementation 


capacity 


Policy and 
regulations 
support the 
resiliency of the 
biodiversity 
conservation 
that allows 
natural system 
recovery 


International 
tourism market 
variations. 
Changed 
habitats and 
protected area 
systems too 
rigid for 
continuous 
protection of 
biodiversity as 
biomes shift 
Economic 
measures for 
sustainable 
tourism and 
biodiversity 
protection 
subsidies and 
compensation 
incentives 


Extremes 


Institutional 
dramatic 
changes 


Reinforce and 
stabilize 
institutional 
system, 
prepared for 
emergencies 


Market collapse, 
financial crisis 


Tourism sector 
support and 
alternative work 
development 
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Potential tipping 
points 


Policy failure 


Work together 
with closely 
linked ISEET 
systems, to 
build the robust 
institutions for 
biodiversity 
conservation 
and tourism 


International 
financial crisis 
Tourist air travel 
depressed by 
GHG 
accounting and 
social pressure 
to reduce flying 


Overarching 
economic and 
financial 
arrangement for 
biodiversity and 
tourism, in 
coordination 
with ISEET 
systems 


(continued) 
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Table 4 (continued) 


P. Urich et al. 


Potential tipping 
Impact factors | Slow processes Variabilities Extremes points 
Technological | Wildlife and Technology Technology Huge 
systems: biodiversity insufficiency failure biodiversity loss 
Threshold conservation Maladaptation Species collapse | by technological 
risks technology in the from linked with | system failure 
improvement management of | wider Disease 
Human biodiversity and | environmental outbreak and 
intervention at a conservation collapse from biome changes 
large scale to extreme heat lead to mass 
enhance and drop in net extinction 
biodiversity primary events and loss 
management production of keystone 
regimes species 
Technological | Sustainable Development Technology Technology 
systems: knowledge and and introduction | improvement innovation and 
Potential technology of the and backup knowledge 
adaptation applications knowledge and mechanisms gaining for 
options development and | technologies for ISEET system 
introduction for resilient stabilization 


biodiversity and 
tourism 


biodiversity and 
tourism sectors 


(Dinerstein et al. 2019). Over time the role of intact, diverse systems has been 
repeatedly demonstrated, and they are integral to carbon storage and hence the 
link to the Paris Agreement. For Botswana, intactness and linkages regionally will 
become increasingly relevant and urgent given the accelerating pace of temperature 
and other changes facing the country, which are well ahead of the global trends 
(Table 4). 


Summary and Conclusion 


The implications of climate change are a growing concern for biodiversity managers 
in Botswana. Even simple extrapolation of current trends in temperature makes clear 
that a warming climate can have negative impacts on many facets of Botswana's 
society and ecosystems. The sum of these troubling effects, although highly uncer- 
tain, motivates efforts to assess and manage potential climate change impacts. 

Climate change may trigger major social transformations. As seen around 
the globe, both slow-onset climate change and extreme weather events can, for 
example, induce food and water insecurity. Subsequent riots, mass movements of 
people, and pressure on governance systems to respond to limit social anxiety 
and loss of national cohesion are being increasingly researched. 

However, it is not a simple, one-to-one relationship. The relationship between 
climate and biodiversity and social change is not easy to identify. The scale of 
climate change that can induce significant and consequential change and related calls 
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to action, including social transformations, may be minor or major. Often it is built-in 
resiliency of Institutional-Socio-Economic-Ecological-Technological Systems 
(ISEETS) that determines if a drought, flood, fire, epidemic disease, or another 
extreme event will trigger a societal response. 

Climate change experts such as Tim Lenton pioneered the use of the term tipping 
points to refer to “abrupt and irreversible changes in the climate system.” The 
concept has been taken further than climate knowledge to further our understanding 
of the consequences of climate change. What are often overlooked in climate change 
research are the social determinants of changes, for example, inequities in determin- 
ing the social impacts of climate change. Also ignored are perceptions and (mis) 
representations of change in whatever form that might be, as well as governance 
systems and institutions, solidarity networks, and cultural values, and underlying 
technological condition and opportunities in their evaluation of the future social 
impacts of climate change. 

The experience of those interested in biodiversity in Botswana forms a recent 
historical example of how ecological tipping points are identified and sometimes 
managed historically ineffectively but with increased local and specific cultural and 
environmental awareness, more effectively. What are, therefore, more challenging to 
determine are the social tipping points that would potentially lead to more accurate 
assessments of the future impacts of climate change. This then expands the thinking 
about climate change to more fully grasp the biological effects of a changing climate 
and our technological capacity to forecast them and respond more effectively. 

News has emerged on the recognition of the cross-sectoral importance of a more 
resilient Okavango ecological system which is encouraging. The signing in 2019 of 
the three-country pact to work, titled “Transboundary cooperation for protecting the 
Cubango-Okavango River Basin and improving the integrity of the Okavango Delta 
World Heritage,” properly championing an integrated approach to the entire river 
basin management is an important step forward (Kari and Kaboza 2019). The actors 
and agents involved and their perspectives represent an ISEET-like approach. The 
follow-up activities of implementation of defining activities and their monitoring and 
evaluation will be critical. Time is running out as climate change and its impacts 
accelerate across Southern Africa. 
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Abstract 


Malaria is a persistent health risk for most rural communities in tropical wetlands 
of developing countries, particularly in the advent of climate change. This chapter 
assesses household access to water resources, livelihood assets, and vulnerability 
to malaria in the Okavango Delta of north-western Botswana. Data were obtained 
from a cross-sectional survey of 355 households, key informant interviews, PRA- 
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based focus group discussions (FDGs), interviews with experts in various related 
fields, PRA workshop participant interviews, and literature review. There was 
high access to natural capital, and most households engaged in nature-based 
livelihood activities. Access to resources determined type of livelihood activities 
that households engaged in. However, there was no association between house- 
hold exposure and/or susceptibility, and type of livelihood activities pursued by 
households. Household vulnerability to malaria was higher in remote and rural 
locations than in urban neighborhoods. Malaria prevention and vulnerability 
aversion programs need to be coupled with improvements in housing and well- 
being in the Okavango Delta and similar wetlands. 


Keywords 
Livelihoods - Malaria - Vulnerability - Wetlands 


Introduction 


In developing countries, access to natural resources largely determines human liveli- 
hoods and general well-being of households in many rural communities (Rebelo et 
al. 2010). Due to lack of access to various forms of capital including financial, 
physical, human, and social capital, and because of general poverty the dependence 
on natural resources has been increasing in wetland communities around the world. 
This is because wetlands act as sources of various forms of ecosystem services that 
support livelihoods. At the same time, wetlands provide suitable habitats for disease- 
carrying organisms and therefore remain vector- and water-borne diseases endemic 
areas. Some vector-borne diseases such as malaria account for millions of human 
morbidity and deaths annually. For instance, the World Health Organization (WHO) 
reported that in 2018 malaria accounted for 228 million morbidity cases and 405,000 
deaths globally, 94% of which were in Africa (WHO 2019). Due to climate vari- 
ability and change, the prevalence and virulence of vector-borne diseases (VBDs), 
including malaria, may increase (IPCC 2007). The challenges associated with 
malaria outbreaks include deaths of breadwinners in mostly poor households, 
which largely depend on the labor of their able-bodied members. Given that such 
mortalities often result in increased suffering of mostly women, children (WHO 
2019), and other vulnerable groups, the fight against malaria requires concerted 
efforts on the part of governments, NGOs, communities, and other stakeholders to 
enhance access to prevention and treatment. Prevalence of malaria in tropical and 
subtropical regions including Africa, continues to overwhelm existing measures for 
prevention and treatment. This leads scientists and policymakers to assess existing 
forms of prevention and treatment with a view to developing effective means for 
combating malaria. 

Various approaches have been adopted particularly in the prevention and treat- 
ment of malaria including (a) distribution of free insecticide-treated mosquito 
nets (ITNs) in rural communities, (b) use of preventive antimalarial medicines, 
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(c) interior and exterior spraying, (d) awareness creation, and (e) educational cam- 
paigns. Most of these efforts have been supported by governments, NGOs, and 
global organizations including the World Health Organization. As a result, there is a 
general decline in the prevalence of malaria in developing countries. In some 
countries, where malaria prevalence had been recorded and often led to deaths, 
malaria has been successfully eradicated. 

Botswana is one of the 21 countries which were identified by the WHO for 
malaria elimination by 2020 (WHO 2019). Botswana is also among eight southern 
African countries which formed the Elimination-8 partnership aimed at eradicat- 
ing cross-border malaria transmission by 2030 through collaborations and syn- 
chronization of policies and initiatives. At the national level, a rapid notification 
and response strategy was developed to eliminate malaria in hotspot areas, 
including the Ngamiland District in the Okavango Delta in Botswana (Chihanga 
et al. 2016). 

Despite all these efforts, malaria remains pervasive in wetlands of developing 
countries, including Botswana, particularly among poor households. This calls for 
additional efforts to determine the general vulnerability of communities to malaria to 
improve general knowledge on factors that contribute to its persistence. This chapter 
is aimed at improving knowledge on household vulnerability to malaria in the 
Okavango Delta and similar areas around the world. Specifically, the chapter 
assesses (a) household access to water resources and (b) household vulnerability to 
malaria in Shakawe and Ngarange villages and the surrounding areas. The chapter is 
arranged as follows: the next section discusses the conceptual framework used, 
followed by environmental and socioeconomic context, research approach and 
data collection, the results on access to capital and household vulnerability, and 
finally, the section on discussion, conclusion, and implications for malaria policies in 
the Okavango Delta and other wetlands in similar socioeconomic and environmental 
conditions. 


Conceptual Framework 


This research was informed by the sustainable livelihood framework supplemented 
by the socio-ecological framework. These frameworks were selected for their wide 
use in microeconomic analyses on access to resources, rural livelihoods, and house- 
hold vulnerability to shocks in developing countries. The frameworks differ in their 
approach to the household vulnerability context; the former views livelihood shocks 
as exogenous factors that are beyond household control, whereas the latter posits that 
shocks and household livelihoods are interlinked within the broad human-environ- 
ment interactions (Berkes and Folke 1998; Ellis 2000). Both frameworks were 
influenced by the changing view on vulnerability as not just the biophysical nature 
of the shock but the state of the affected social unit as well (Wisner et al. 2004). 
The sustainable livelihood framework provides an understanding of the broad 
concept of a livelihood, particularly the vulnerability context within a livelihood is 
constructed. In the sustainable livelihood framework, a livelihood can be defined as 
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*. . comprising of assets (natural, physical, human, financial, and social capital), the 
activities, and the access to these (mediated by institutions and social relations) that 
together determine the living gained by the individual or household” Ellis (2000, p. 
30). The sustainable livelihood framework has some limitations because it does not 
cater for changes over time (Ellis 2000). It is nonhistoric because it takes current 
household access to resources as given, without looking at the origins and possible 
causes of current access conditions (Small 2007). Furthermore, it neither provides 
for tracing historical factors leading to current institutional structure, nor for under- 
standing the nature of interactions between actors brought together by various 
interests and complying to set rules, norms, and practices (O’Laughlin 2002). For 
instance, it does not clearly show the role of the private sector as part of the 
organizations that mediate access to forms of capital. Furthermore, it does not 
provide adequate guidance on the analysis of institutions and the behavior of actors 
involved. 

Another observation is that the vulnerability context in the sustainable livelihood 
framework does not consider the full context of shocks, trends, and seasonality, 
partly because it does not clearly show the position of the household itself. Although 
it considers both the negative and positive aspects of these processes, it does not 
clearly show how negative livelihood outcomes can exacerbate the impacts of 
shocks in the vulnerability context. This may be because it construes shocks as 
exogenous factors and therefore beyond household control (Ellis 2000). The sus- 
tainable livelihood framework is an integrating analytical tool which was never 
intended to be used in isolation (Farrington et al. 1999). The sustainable livelihood 
framework was supplemented with the socio-ecological framework to overcome 
some of its limitations. The socio-ecological framework was useful in locating the 
household construction of a livelihood within the broad human-environment inter- 
actions in which it occurs. In other words, it helped clarify the broad livelihood 
vulnerability context in the Okavango Delta. The socio-ecological complex or 
framework emanated from classical human ecology in the 1930s (Berkes and 
Folke 1998). It was influenced by the concept of resilience which has now become 
important for understanding complex relationships between human and other eco- 
logical systems (Folke 2001). The socio-ecological framework has been modified 
and used for analyzing human-environment interactions in developing countries and 
providing the basis for some contemporary vulnerability frameworks (Arntzen 1989; 
Adger 2006). This framework analyses rural development in terms of clusters of 
elements and interactions among clusters, which finally lead to a sustainable society 
or community (Arntzen 1989; Berkes and Folke 1998). It distinguishes four ele- 
ments that characterize the socio-ecological linkages and interactions. These are 
population, organization, the environment, and technology at the micro-scale, with 
influencing factors at the macro-scales (regional, national, and global) (Arntzen 
1989; Berkes and Folke 1998). 

Understood in the context of this framework, the household as a human construct 
(illustrated in Fig. 1 below), and the livelihood as a subset of the household system, 
fall within the broad human-environment system. 


I Livelihood 


Livelihood Miren 
Household | Environmental 
<>, Adaptation —— 9». | activities/ strategies dustainability and 
1 others 


Social relations, 
institutions and 
organisations 


HUMAN-ENVIRONMENT SYSTEM 


Fig. 1 Sustainable livelihood framework. (Source: Adapted from Ellis (2000, p. 30) with insights 
from Berkes and Folke (1998, p. 15)) 


Therefore, the impacts of a shock such as malaria, on a household livelihood and 
the household responses are part of the interface between the human and environ- 
ment subsystems. In other words, it is acknowledged that livelihood shocks such as 
malaria are exogenous to a household because they fall beyond household control as 
posited by Ellis (2000). However, the effect of their impacts falls within household 
control depending on household exposure, susceptibility, and capacity to adapt. 
Therefore, such effects are part of the household vulnerability complex made up of 
the social (human) and biophysical (or ecological) aspects (Marshall et al. 2009). In 
the case of malaria endemicity in the Okavango Delta, household adaptation which 
is the inverse of vulnerability can therefore be viewed as the process and actions 
within a livelihood system occurring or being undertaken to positively influence or 
be influenced by livelihood security and environmental sustainability. This position 
is informed by the view that a livelihood is sustainable if it can adapt, be resilient, 
and therefore less vulnerable to shocks while not degrading the natural resource base 
(Scoones 1998). 

Household adaptation to a livelihood shock such as malaria may occur at various 
dynamic levels influencing or being influenced by livelihood security and or envi- 
ronmental sustainability. It may also reduce the impacts of a shock on both liveli- 
hood assets and household livelihood activities, as well as the impacts of the 
institutions, social relations, and organizations, which modify or mediate access to 
household assets. Household actions to reduce vulnerability to malaria may also 
affect the setting up of livelihood activities with influence on the type of activity and 
location within which they may be undertaken. Of course, in case of maladaptation 
which has a positive effect in increasing vulnerability, the influence will be negative, 
leading to livelihood insecurity and environmental degradation. Of interest in this 
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chapter is the household access to assets in the process of constructing livelihood 
activities and how such access exposes and makes households susceptible to malaria 
as a health risk. The chapter focuses on the vulnerability context as illustrated in 
Fig. | above. 


Okavango Delta: Environmental and Socioeconomic Context 


The Okavango Delta is an alluvial fan and a vast wetland well-renowned for its 
biodiversity, species richness, and prominence as a Ramsar Site, and 1000th 
UNESCO World Heritage Site in north-western Botswana. Due to its richness in 
flora and fauna, the Okavango Delta enhances dynamic livelihood systems within a 
semiarid environment of the southern African Kalahari plains. The Okavango Delta 
and related floodplains, at an altitude of 900 m above sea-level, within a low- 
physiographic zone given the generally flat terrain, and daily temperatures ranging 
from 12 °C to 40 °C provide a suitable habitat for the anopheles mosquito (Anoph- 
eles arabiensis). Rural communities found in many settlements around the Delta 
fringes as they depend on the natural resources in the form of flora such as papyrus, 
riverine reeds, grasses, and others, as well as faunal species including fish, birds, and 
small game. 

The specific research sites were the villages of Shakawe and Ngarange in the 
Okavango sub-District of Ngamiland District. Ngamiland West, a Ministry of 
Health designated area which largely covers the Okavango sub-District, is 
among the poorest regions in the country with 47.3% of people below the poverty 
datum line compared to the national figure of 20.7% (Statistics Botswana 2011). 
Ngamiland West is a malaria-endemic area due to the high persistence of this 
disease in many of its villages. HIV/AIDS prevalence in the Ngamiland District is 
also high (18%), compared to the national average of 17.6% (Central Statistics 
Office 2009) (Fig. 2). 

Shakawe and Ngarange villages are in an area commonly referred to as the 
panhandle, which is made up of the Okavango River as it enters Botswana from 
the Kavango Region of Namibia. Shakawe village has a population of 6693 
people and Ngarange has 998 people. The population structures of these two 
villages (Fig. 3) depict a wide base in the young age groups compared to advanced 
age groups; the patterns that are typical of population structures found in devel- 
oping countries. 

However, there appears to be an anomaly in that the population pyramids in these 
villages have a narrowed base particularly in the infant cohorts and under-five age 
group, which is indicative of low fertility and possibly high mortality in these age 
groups. This is a logical observation in that due to high prevalence of HIV/AIDS, 
women may tend to postpone their engagement in sexual activity, or totally abstain 
from sex to avoid repeat infections and/or opt for effective birth prevention methods 
(Lewis et al. 2004). Due to illness and the impacts of opportunistic diseases, HIV/ 
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Fig. 2 Map showing the Okavango Delta and the study villages. (Source: ORI GIS Lab) 
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Fig. 3 Population structure in Shakawe and Ngarange villages 
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AIDS also has adverse effects on fertility (Ross et al. 1999). Infant and under-five 
mortality is generally higher in communities with high HIV/AIDS prevalence than in 
those with low prevalence and this may have been contributed to the narrow pyramid 
base in these two villages. From the foregoing, households in Shakawe and sur- 
rounding villages including Ngarange may be vulnerable to other diseases including 
malaria. 

Shakawe has been identified as a malaria hotspot in Botswana mainly due to the 
high number of confirmed cases in this village. Ngarange has been observed to have 
low confirmed cases compared to other settlements in the same area. These two 
villages were selected to understand this apparent contrast and general dynamics 
surrounding household vulnerability to malaria in the Okavango Panhandle and the 
Okavango Delta in general. 


Research Approach and Data Collection 


A convergent parallel mixed-method approach was adopted; it involved the concur- 
rent use of qualitative and quantitative methods of data collection and analysis. This 
approach made it possible to exhaustively obtain information from the various 
methods used and substantively confirm outcomes through triangulation. It was 
also noninterventional given that no further action was taken in treating those 
infected with malaria; affected individuals received treatment from local health 
clinics in the respective villages. 

Secondary data were obtained through desktop searches in the World Wide Web and 
from the review of published and unpublished sources including journal articles, global 
and regional health (and other) organizations’ reports, and the national health policy 
and strategy documents. Primary data were obtained, (a) through a participatory rural 
appraisal (PRA) methodology which included key informant interviews and PRA- 
based focus group discussions, (b) through a household survey and informal discus- 
sions with community members, and (c) from interviews with various stakeholders 
including officers in local health clinics, the district office in Maun, the sub-District 
main office in Gumare, and from the Ministry of Health head office in Gaborone. 


Participatory Rural Appraisal (PRA) Workshop 


A PRA workshop was held on June 25-27, 2014 in Shakawe with the aim to create 
project awareness, stakeholders’ involvement, and participation in the project, and to 
collect baseline data on key areas that required further scientific enquiry. In the latter 
aim, the researchers were able to document community knowledge on livelihoods, 
the social, environmental, and climate change factors that influence household 
vulnerability to vector-borne diseases including malaria. Stakeholders including 
traditional leaders, traditional health practitioners, representatives of various village 
committees, modern medical practitioners, government health officers, and non- 
governmental organizations’ (NGOs) representatives were invited to the workshop. 
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The criteria for selecting other members of the community included (a) being adult 
women and men above the age of 18 years, (b) having lived in the locality for 
10 years or more, and (c) being knowledgeable on vector-borne diseases. A total of 
40 people, 25 (63%) from Shakawe, and 15 (38%) from Ngarange were invited; the 
total consisted of 13 (32%) female and 27 (68%) male. Given the diversity of 
stakeholders and level of representation, the PRA workshop provided opportunities 
for interviews with the attendants individually, as key informants, discussants in 
focus group discussions, and as participants in a plenary. 


Household Survey 


The household survey was undertaken following a stratified sampling of households. 
Information on malaria occurrence was first obtained from the local clinics in the 
villages of Shakawe and Ngarange. Using such information, village wards were 
identified and differentiated according to high, medium, and low number of malaria 
cases. Village wards were then randomly selected from the broad categories of high, 
medium, and low malaria cases. In Shakawe, a total of seven out of fourteen wards were 
selected. Although the same stratification criteria of high, medium, and low malaria 
cases were used in Ngarange, given the small size of the village, all wards were selected. 
After the selection of wards in both villages, all households in the selected wards were 
listed. From a list of households in all the selected wards, households were selected 
proportionate to size of ward. In Shakawe, a total of 877 households were listed in the 
seven wards, whereas in Ngarange 300 households were listed in the four wards, 
therefore some overall total of 1177 households were listed in these two villages. The 
sample size in the two villages was calculated at 95% confidence interval with margin of 
error of plus/minus five (+/—5). An overall sample of 355 households (266 in Shakawe 
and 89 in Ngarange) was selected in the two villages (Table 1). 


Table 1 Number of households listed and sampled in various wards of Shakawe and Ngarange 
villages 


Listed households Sampled households 

Village Ward (N — 1177) (n — 355) 
Shakawe (n — 266) Mabudutsa 29 9 

Matomo 55 17 

Ukusi 83 25 

Ndumbakatadi 163 49 

Saoshoko 178 54 

Diseta 140 42 

Gauxa 229 70 
Ngarange (n = 89) Modubana 103 30 

Newtown 48 14 

Mukumbe 107 33 


Sekandeko 42 12 
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A questionnaire comprising structured and semistructured questions were devel- 
oped. It had sections on (a) household demographic and socioeconomic characteris- 
tics, (b) types of livelihood activities, (c) access to and ownership of assets or capital, 
(d) malaria prevention and coping strategies and other sociocultural variables. Data on 
household characteristics, livelihood types, and malaria prevention and coping strat- 
egies were captured through open- and close-ended questions. Data on access to 
capital were obtained through several proxy indicators. For example, access to finan- 
cial capital was measured using questions on whether (or not) a household had access 
to cash, credit, and insurance, and access to physical capital was measured through 
questions on ownership of assets such the plowing equipment, vehicles, telecommu- 
nication equipment, and so on. 

Various forms of capital were measured using different units; therefore, composite 
unitless indices similar to the UNDP’s human development index were developed to 
consolidate the various measurement units. Data on household adaptive capacity, 
susceptibility, and exposure were also captured and transformed into unitless indices. 
Vulnerability was then calculated using a composite index, being a function of 
exposure less adaptive capacity, multiplied by susceptibility. Details of the techniques 
used are described in detail in Hahn et al. (2009), Motsholapheko et al. (2011), and 
UNDP (1990), so they will not be repeated in this chapter. The questionnaire was 
administered through face-to-face interviews with household heads, their spouses, and 
adult representatives. The survey data collection was undertaken in the period October 
27 to November 6, 2015, in the two villages of Shakawe and Ngarange. 


Access to Water Resources in Shakawe and Ngarange 


Results from the survey (Fig. 4) reflected generally similar patterns of access to 
capital in the two villages. Access to natural capital was higher than that of other 
capital types in both Ngarange and Shakawe. However, specific differences can be 
identified; households in Ngarange had slightly higher access to natural capital than 
those in Shakawe; the index values were 0.67 and 0.61, respectively. Worth noting is 
that access index values are all above 0.5 and edge toward the value of one which is 
the maximum. This result is not surprising given that Ngarange has a small popu- 
lation and the village is remotely located on the eastern side of the river which has 
vast floodplains than in the western escarpment where Shakawe is located. The 
proportions of households who stated that they had unimpeded access to land, water, 
forest, and aquatic resources were higher in Ngarange, ranging from 63% to 75%, 
compared to Shakawe where these proportions ranged from 56% to 72%. In wet- 
lands, such as the Okavango Delta, rural communities depend on natural resources to 
make a living. 

Ngarange households had slightly higher access to financial capital than their 
counterparts in Shakawe with index values of 0.5 and 0.36, respectively. This was 
a counter-intuitive result given that Shakawe, as the main commercial center in the 
area, is more urbanized than Ngarange. A further assessment of household char- 
acteristics and livelihood activities revealed that most households in Shakawe were 
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Fig. 4 Household access to resources in Shakawe and Ngarange villages 


de jure female-headed (5796) whereas male-headed households accounted for 3396 
and the rest were de facto female-headed at 10% (De jure female-headed house- 
holds are those that are directly headed by females, whereas de facto female are 
those headed by females in the absence of the substantive male head 
(Motsholapheko et al. 2011).). Conversely, most households in Ngarange were 
male-headed (44%), the remaining being de jure (25%) and de facto (31%) female- 
headed. Interviews with experts on livelihoods and social development in the area 
revealed that although Shakawe is more urbanized than most settlements around it, 
the village could have experienced retarded development related to ownership of 
land. Large portions of undeveloped land in the village belong to a few individuals 
whose capacity to develop may either be limited or depends on self-interest and 
monopolistic tendencies. A further scrutiny ofthe above indices for Ngarange (0.5) 
and Shakawe (0.36) indicates a generally low access to financial capital in both 
villages, given that households have access values of up to half or less than the 
maximum value of one. 

Access to physical, human, and social capital was higher in Shakawe than in 
Ngarange. Index values were 0.31 and 0.21 for physical capital, 0.34 and 0.25 for 
human capital, and 0.13 against 0.1 for social capital in Shakawe and Ngarange, 
respectively. A key observation here is that although Shakawe village households 
have a slight edge over those in Ngarange, all the above values are very low ranging 
from 0.26 to 0.36 which reveals very low access compared to a maximum value of 
one. In terms of ranking, access to natural capital would be the highest followed by 
financial, human, physical, and social capital in that order. Social capital was least 
accessed by households in both villages. Key informant interviews have revealed 
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that access to social capital in these villages was adversely affected by loss of culture, 
breakdown in family ties, individualism, and general lack of cooperation within the 
village community. 


Household Vulnerability to Malaria in Shakawe and Ngarange 


Results from PRA-based key informant interviews (Table 2) revealed a general 
awareness among interviewees that malaria exposure was dominant among some 
social groups than others within their communities. 

Most key informant interviewees (78%) stated that under-five children were the 
most exposed to malaria whereas safari operators were the least exposed, being 
stated by 35% of the interviewees. According to key informants, the top five most 
affected social groups were under-five children, primary school, commercial fishers, 
pregnant women, hook and line fishers, and river reed/grass harvesters. Commercial 
fishers and pregnant women were stated by an equal proportion of key informants at 
52%. The various social groups stated above are linked to the types of livelihood 
activities they engage in, as well as their levels of possible susceptibility to malaria 
given their physical condition. For example, under-five children and pregnant 
women are known to be more susceptible to most diseases due to their physical 
condition (Bates et al. 2004). 

Key informant interviewees also perceived that some livelihood activities such as 
commercial fishing and river grass harvesting were high-risk activities for malaria 
exposure; they were stated by 62.5% and 50% of the interviewees, respectively 
(Table 3). The top five livelihood activities stated by interviewees as likely to expose 
households and community members to malaria were commercial fishing, grass 
harvesting, reed harvesting, livestock herding, hook and line fishing, and arable 
farming. 


Table 2 Key informants’ perceptions on social groups and vulnerability to malaria 


Proportion of key informants % 


Social group (n = 40) Top five social groups 

Children <5 years 78 1. Children <5 

Primary school 58 2. Primary school children 

children 

Pregnant women 52 3. Commercial fishers and pregnant 
women 

Commercial fishers | 52 4. Hook and line fishers 

Hook and line 50 5. Reed/grass harvesters 

fishers 

Reed/grass 48 

harvesters 

Polers 40 

Cattle herders 38 


Safari operators 35 
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Table 3 Proportions of key informants and their perceptions on level of risk of malaria infection 
and related livelihood activities 


Proportion of key informants (%) by perception of level of risk (n = 40) 


Livelihood activities | High Medium Low Don’t know 
Commercial fishing | 62.5 22.5 10 5 
Grass harvesting 50 20 15 15 
Reed harvesting 47.5 17.5 25 10 
Livestock herding 45 T 32,5 15 
Hook and line 42.5 17.5 32.5 T.5 
Arable farming 42.5 22:5 25 10 
Tourist poling 40 15 22.5 22.5 
Basket Fishing 37.5 22.5 21.5 12.5 
Tswii harvesting 37.5 12:5 32:5 17.5 
Tour guiding 35 15 15 35 
Molapo farming 30 12.5 10 47.5 
Basket weaving 20 12.5 50 17.5 


Basket weaving was perceived by 5096 of interviewees as less likely to expose 
households and community members to malaria. Furthermore, molapo farming was 
one of the activities viewed as less likely to expose households and community 
members to malaria being stated by 3096 interviewees. However, most interviewees 
(47.5) indicated that they did not know the likely level of exposure to malaria for 
molapo farming households and community members. This could be due to insuf- 
ficient knowledge on molapo farming among Shakawe and Ngarange communities. 
Studies have indicated that molapo farming is not widely practiced in these com- 
munities compared to their counterparts in the mid- and lower parts ofthe Okavango 
Delta. 

Results from the socioeconomic survey (Fig. 5 below) indicated that the top five 
livelihood activities undertaken by households in Shakawe were river grass 
harvesting in which 60% of households were involved, reed harvesting (58%), 
dryland/rain-fed arable farming (49%), livestock farming (35%), and tswii (waterlily 
or Nymphaea tuber) harvesting (30%). 

These results corroborated key informant interview results on four of the five 
livelihood activities. Although hook-and-line fishing and commercial fishing were 
indicated as possible high-risk activities, the socioeconomic survey indicated that 
these livelihood activities were undertaken by a low proportion of households at 
15% and 4.8%, respectively. 


Household Exposure, Susceptibility, and Adaptive Capacity 

Survey results (Fig. 6) revealed that households in Ngarange village had higher 
exposure to malaria (0.5) than their counterparts in Shakawe (0.34). These results 
are quite realistic in that Ngarange village is located near a vast floodplain where 
water flow is limited compared to Shakawe, which is located along an 
escarpment. 
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Fig. 6 Village-level susceptibility, adaptive capacity and exposure to malaria 


Ngarange households also had higher adaptive capacity (0.46) than those in 
Shakawe (0.38). Worth noting is that household exposure (0.5) to malaria in 
Ngarange was higher than adaptive capacity (0.46) meaning that within the village, 
households could not adequately prevent malaria transmission. In Shakawe, house- 
holds had higher adaptive capacity (0.38) than exposure (0.34) meaning that they 
could prevent malaria transmission. 

In both villages, the overall household susceptibility to malaria was lower than 
both adaptive capacity and exposure. Ngarange had a slightly lower susceptibility 
value (0.23) than Shakawe (0.27), which indicates that households in both villages 
had almost the same level of susceptibility to malaria. A further assessment of 
household exposure, adaptive capacity, and susceptibility within these two villages 
indicates that households in five out of seven wards in Shakawe had higher adaptive 
capacity than exposure to malaria. The five wards of Diseta, Matomo, 
Ndumbakatadi, Mabudutsa II, and Saoshoko had adaptive capacity that exceeded 
exposure values, whereas in the two wards of Gauxa and Ukusi, the exposure values 
of 0.39 and 0.44 were higher than the respective adaptive capacity values of 0.35 and 
0.28 (Fig. 7). 

This indicates that households in Gauxa and Ukusi wards of Shakawe were not 
adequately adaptable to malaria than their counterparts in the other five wards. 
Household susceptibility in to malaria in four of the seven wards of Shakawe was 
higher than both exposure and adaptive capacity. The susceptibility values in these 
wards were 0.65 or higher compared to both exposure and adaptive capacity values 
that ranged from 0.27 to 0.44. 

In Ngarange, household exposure was higher than both adaptive capacity and 
susceptibility to malaria in all wards except in Mukumbe Ward, which had a 
susceptibility value of 0.63 that was higher than both adaptive capacity and expo- 
sure. These results indicate that households in all the wards in Ngarange are not 
adaptable and as such vulnerable to malaria, particularly Mukumbe Ward which had 
higher susceptibility than the other wards. 
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Fig. 7 Household adaptive capacity, susceptibility and exposure to malaria in Shakawe and 
Ngarange 
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Fig. 8 Level of household vulnerability (LVI) by ward in Shakawe 


The overall livelihood vulnerability indices for these villages were —0.0092 for 
Shakawe and 0.0088 for Ngarange, which confirms the above suggestion that 
households in Ngarange were not adequately adaptable and therefore vulnerable to 
malaria whereas their counterparts in Shakawe were not vulnerable. A further 
analysis indicates that households in Mabudutsa II ward of Shakawe had the lowest 
vulnerability score of —0.101 (Fig. 8), which indicates that they could withstand the 
impacts of malaria much better than their counterparts in other wards. 

The other four wards of Saoshoko (—0.043), Ndumbakatadi (—0.04), Matomo 
(—0.007), and Diseta (—0.003) also had low vulnerability scores. The two wards of 
Ukusi (0.068) and Gauxa (0.027) were vulnerable to malaria given that they had 
positive values. The vulnerability scores for the two wards of Matomo and Diseta 
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Fig. 9 Level of household vulnerability (LVI) by ward in Shakawe 


were close to the value of zero, which indicates that even though these two wards 
were not vulnerable, any slight decline in adaptive capacity or increase in exposure 
to malaria may render households in these two wards vulnerable to malaria. 

In Ngarange, all wards were vulnerable to malaria, Mukumbe Ward having the 
highest vulnerability value of 0.08 whereas Newtown Ward had the lowest vulner- 
ability at 0.04 (Fig. 9). 

A further analysis indicated that households in the two most vulnerable wards of 
Mukumbe and Sekandeko in Ngarange were the most susceptible and least adaptable 
to malaria. 


Discussion and Conclusion 
This chapter assessed household access to water resources as well as vulnerability to 
malaria in the Okavango Delta. The results indicate that household access to natural 
capital was much higher than that of other types of capital. Households mostly 
engaged in nature-based livelihood activities such as rain-fed arable agriculture, 
livestock, and the harvesting of aquatic reed, river grass, and tswii (nymphaea). Most 
Ngarange households engaged in nature-based livelihoods than their counterparts in 
Shakawe village, which was relatively more urbanized than Ngarange. Social capital 
was the least accessed of all the five forms of capital. It has also been demonstrated 
that households in Ngarange were more vulnerable to malaria than their counterparts 
in Shakawe and that this vulnerability emanated from high-household exposure 
mainly due to low capacity to adapt to malaria than their counterparts in Shakawe. 
Due to high access to natural capital compared to other capital forms, households 
engaged in nature-based livelihood activities. This is typical of most rural commu- 
nities in developing countries, particularly those residing in wetlands of sub-Saharan 
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Africa (Babulo et al. 2008; Rebelo et al. 2010; Angelsen et al. 2014). As earlier 
indicated in the conceptual framework, households’ choice of livelihood activity 
depends on access to capital such that the most accessed type of capital may 
determine the main livelihood activity in any livelihood portfolio (Ellis 2000; Berkes 
and Folke 1998). 

Access to social capital was lower than that of other capital forms contrary to 
expectation that this form of capital is higher in rural communities than in urban 
settings. Key informants attributed this low access to social capital to loss of culture, 
breakdown in family ties, a rise in individualism and general lack of cooperation 
within the village community. Low access to social capital may have adverse 
impacts on the well-being of households given that cultural diversity, social cohe- 
sion, and network are critical components of social sustainability (Munasinghe 
2000). 

Households in Ngarange were found to be more vulnerable to malaria than their 
counterparts in Shakawe. This vulnerability could be attributed to high exposure to 
malaria partly due to type of housing, and household practices relating to malaria 
prevention. Some studies have posited that malaria transmission is related to type 
of housing, and with increased urbanization and change of housing structure 
malaria transmission is likely to decrease in sub-Saharan Africa (Saugeon et al. 
2009; Parnell and Walawege 2011). Household livelihood activities (such as 
agriculture) and practices have also been found to be confounding factors for 
malaria transmission, in Africa and Southeast Asia even in urban communities 
(Klinkenberg et al. 2008). Effectively, malaria transmission directly relates to type 
of housing, preventive measures, and practices relating to mosquito bites avoid- 
ance (Tusting et al. 2016). 

Vulnerable groups such as pregnant women, under-five children, and the elderly 
require targeted programs with emphasis on availing the means to prevent malaria 
transmission. There is a need for long-term, sustained prevention, and control to 
reduce and/or eliminate malaria in the Okavango Delta and Botswana, in general. 
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Abstract 


Phone-based applications, Internet connectivity, and big data are enabling climate 
change adaptations. From ICT for development and agriculture perspectives, 
great interest exists in how digital platforms support climate information provi- 
sion for smallholder farmers in Africa. The vast majority of these platforms both 
private and public are for delivering climate information services and for data 
collection. The sheer number of digital platforms in the climate information sector 
has created a complex information landscape for potential information users, with 
platforms differing in information type, technology, geographic coverage, and 
financing structures and infrastructure. This chapter mapped the existing climate 
information services and examined their impact on policy and practices in 
smallholder farming development in Africa, with a focus on Ghana. Specifically, 
the chapter provides highlights of digital platforms available to smallholder 
farmers and agricultural extension agents, analyzes the public and/or private 
governance arrangements that underpin the implementation of digital climate 
information delivery, and assesses the potential of these platforms in scaling up 
the use of climate information. The chapter contributes to understanding the 
dynamics of climate information delivery with digital tools in Africa, and sug- 
gests a future research agenda. 


Keywords 


Climate information services - Digital platforms - Smallholder farming - Ghana - 
Africa 


Introduction 


Climate change and variability are complex problems affecting different geograph- 
ical regions, people, and socio-ecological systems. Africa is likely to be the most 
adversely affected due to its overdependence on climate-sensitive sectors for devel- 
opment. For instance, studies have shown that Ghana is highly prone to drought; 
temperatures are projected to increase at the rates of 3.8% (1.02 °C), 5.6% (1.5 °C), 
and 6.9% (1.8 °C) for the near future (2040), mid-future (2060), and far future 
(2080), respectively, and rainfall is expected to become more erratic (Dumenu and 
Obeng 2016). The changing climate conditions and the projections of increased 
temperature and precipitations have implications for smallholder farming and house- 
hold food security. 

The Intergovernmental Panel on Climate Change (IPCC), in recognition of the 
heightened climate impacts, vulnerabilities, and need for adaptation, encourages the 
adoption of a cross-sectoral and integrated approach to the development and 
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adoption of long-term and sustainable adaptation and mitigation strategies (IPCC 
2014). Adaptation, along with mitigation efforts, is a complementary approach for 
reducing and managing the risks associated with climate change and sustainable 
development particularly in developing countries (Federspiel 2013; IPCC 2014). 
Countries are therefore expected to develop mechanisms (plans, programs, and 
policies) that enhance resilience and provide support for local practices for climate 
change adaptation (Dougill et al. 2017). 

To support farmers to better adapt to climate change and variability, context- 
relevant, accurate, and timely climate information services (CIS) have become a 
relevant strategy (World Meteorological Organisation 2015). CIS range from climate 
data delivery, transformation of climate-related data together with context informa- 
tion into customized products such as projections, forecasts, trends, economic 
analyses, analysis on best practices, development and evaluation of solutions, user 
interactions, and capacity development (Vaughan and Dessai 2014; Vogel et al. 
2019). Through the provision of CIS, farmers can make crucial decisions regarding 
when to plough, sow seed, apply fertilizer, and harvest, thus, reducing exposure to 
risks (Tall et al. 2014). It also provides actors such as agricultural extension agents, 
researchers, and policy-makers with the requisite knowledge to support farmers to 
adapt to climate change. Despite the relevance of CIS, smallholder farmers are 
unable to access it due to high illiteracy rates, technical information, financial 
constraints, sociocultural barriers, and infrastructural challenges (Singh et al. 2016, 
2018). In this regard, the Global Framework for Climate Services (GFCS) has 
become a prominent mechanism to address these challenges (World Meteorological 
Organisation 2015). The framework recognizes the role of digital tools for the 
provision of tailored CIS to meet the needs of users including smallholder farmers 
(Singh et al. 2016). Digital tools include new ICTs such as smartphones and old ICTs 
such as radio and television (Asenso and Mekonnen 2012). The growing innovations 
associated with ICTs create new opportunities for information-sharing, alternative 
forms of connectivity, financing models, and governance arrangements (Bennett and 
Segerberg 2012; Karpouzoglou et al. 2016; Soma et al. 2016). 

Despite the opportunities associated with the application of ICTs for the delivery 
of CIS in Africa, opinions abound regarding the extent to which smallholder farmers 
use ICT-delivered CIS. 

Some of these opinions include: 


e Old technologies such as radio, television, and farmers’ networks remain the most 
relevant and cost-efficient ICT platforms for the delivery of CIS. 

* ICTs remain underused despite the hype due to the lack of relevant content 
information, lack of or poor infrastructure, low affordability, low literacy, lack 
of access to ICTs, and absence of conducive social norms, such as trust. 

* ICTs are social transformational tools which are enabling farmers to become co- 
producers of CIS rather than consumers. 

* The delivery of ICT-based CIS results in changes in institutional logics in farming 
communities in the form of new interactions and information exchange and other 
forms of innovation intermediation. 
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The differences in the opinions on the application of ICTs for the delivery of CIS 
for smallholder farmers may be attributed to the relatively underdeveloped CIS 
sector in Africa (Graham et al. 2015; Hansen et al. 2019). This can also be attributed 
to the fact that studies on CIS use among smallholder farmers in Africa are often 
framed under themes, such as gender, accessibility, local content development, and 
local knowledge, while ICTs are mostly treated as sub-themes. Based on this gap, 
this chapter examines the application of digital tools for the delivery of CIS for 
smallholder farmers with a focus on Ghana. This chapter is guided by the following 
questions: 


* Who are the actors of ICT-based CIS delivery? 

* What digital tools are used for the delivery of CIS for smallholder farming in 
Ghana? 

* Which category of farmers applies CIS? 

* What financing modes and governance arrangements are used for the delivery of 
CIS? 


The chapter contributes to the literature on climate change adaptation in two 
ways: First, it provides an overview of the landscape of digital tools that are being 
used to provide CIS to smallholder farmers in Ghana. Second, it provides insights 
and directions for further research on the delivery of CIS with digital tools in Ghana 
in support of adaptation. The chapter consists of an “Introduction”, “Methodology”, 
*Results", and *Conclusion" sections. 


Methodology 


To generate data for the chapter, a systematic literature review was carried out with 
three databases: Scopus, Google Scholar, and CAB Abstracts. Keyword searches of 
terms “Climate services"? AND “Ghana,” “Climate information services” AND 
“Ghana,” “Weather information” AND “Ghana,” and “Weather information ser- 
vices” AND “Ghana” were entered as queries. “Weather and climate information 
services” AND “Ghana,” “Climate and weather enterprise” AND “Ghana,” and 
“Agrometeorological services AND Ghana” were conducted. Other queries include 
“Hydroclimatic information,” “Weather information services,” “Agroclimatic infor- 
mation,” “Services,” and “Information.” Articles that had the abovementioned key 
terms in their title or abstract were selected through a process of “abstract sifting” to 
help align with the language, concepts, and subject matter. Since CIS is still in its 
infancy and now gaining attention in the literature in Africa, limited literature was 
generated for the period 2000 to 2020. Hence, the snowball strategy was used to 
expand the scope of the literature by identifying additional literature from the 
selected peer-reviewed journals. Other literature which had combined themes on 
CIS and agricultural extension or had a regional scope on Africa with case studies on 
Ghana were also selected. 
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Additionally, desktop search was conducted by reviewing the websites of public, 
nongovernmental organizations (NGOs) and business organization that provide CIS 
in Ghana including ESOKO; MFarm; Farmerline; e-agricultural platform; Climate 
Change, Agriculture and Food Security (CCAFS); African Cashew Initiative, 
Ignitia, Technical Centre for Agricultural and Rural Cooperation ACP-EU (CTA); 
US Agency for International Development (USAID); and Agricultural Cooperative 
Development International and Volunteers in Overseas Cooperative Assistance 
(ACDI/VOCA). Relevant policy documents, thesis, and gray literature were also 
reviewed to provide information for the analysis. The limitation of the method used 
for the selection of literature for the chapter is the application of only three databases. 
Also, new publications could have been made after the literature search was 
conducted. The intertwining nature of CIS, ICTs, and other broad themes could 
have resulted in the omission of certain literature that might have relevant informa- 
tion on the application of ICTs for smallholder farming in Ghana. 

The content analysis of the selected literature was guided by the research question 
and core themes: ICTs, digital tools, CIS, smallholder farming, and Ghana. Addi- 
tionally, the content of the literature was analyzed based on the geographical settings, 
governance arrangements, geographic scope, type of digital tools or products, 
content of the digital messages, stages in their development, targets in the farming 
sector, and organizations providing CIS with ICTs. Here, the content analysis helped 
categorize and structure the sub-themes in order to select new themes emerging from 
the literature. 


Results 
Actors Involved in the Provision of CIS with ICTs 


The actors providing CIS with ICTs to smallholder farmers were grouped broadly 
since a more comprehensive analysis indicating all actors is beyond the scope and 
objective of this chapter. 

Actors who collected weather data with ICTs include the Ghana Meteorological 
Agency (GMet). At the international level, international weather organizations 
(National Oceanic and Atmospheric Administration (NOAA) and European Orga- 
nisation for the Exploitation of Meteorological Satellites (EUMETSAT)), the Euro- 
pean Centre for Medium-Range Weather Forecasts (ECMWF), the National 
Aeronautics and Space Administration (NASA), UKMet, and the World Meteoro- 
logical Organization also provide weather data (Mills et al. 2016; Usher et al. 2018). 
Farmers also constitute CIS data providers as they also generate information on local 
weather indicators in their communities for co-creating weather information with 
formal scientific models (see Kadi et al. 2011; Nyadzi 2020). 

Intermediary CIS providers add value to the weather data. They include business 
weather data providers, like aWhere, Satelligence, and Weather Impact, mobile 
telecommunication network providers, and ICT platform providers (e.g., Prepeez) 
(Singh et al. 2018), while some knowledge institutions also play this role. Some 
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actors double as intermediary CIS providers and 